/io^n7f‘7 

AERONAUTICAL  RESEARCH 


HEARINGS 

BBFORB  THB 

SUBCOMMITTEE  ON 

ADVANCED  RESEAECH  AND  TECHNOLOGY 

OF  THB 

COMMITTEE  ON 
SCIENCE  AND  ASTRONAUTICS 
U.S.  HOUSE  OF  REPRESENTATIVES 

NINETY-FiaST  CONGRESS 

riRJ9T  SESSION 

DECEMBER  1,  2,  4,  8,  9,  10,  AND  11,  1900 


1 


Best 

Available 

Copy 


COMMITTEE  ON  SCIENCE  ANI>  ASTKONAUTICS 
QEOBOS  P.  Callforoia,  Chairman 

OIAN  E.  TEAGEE,  Texas  JAMBS  Q.  PUETON.  Pennsylvania 

JOSEPH  E,  KARTH.  Minnesota  CHARLES  A.  MOSHER.  Ohio 

KEN  HECKLER,  West  Virginia  KI(?HARD  L.  ROL  DEBPSH,  Indiana 

EMILIO  Q.  DADDARIO,  Conoeetlcut  ALPHOXJtO  BELL.  California 

JOHN  W.  DAVIS,  Georgia  THOMAS  M.  PELLV.  Washington 

THOMAS  N.  DOWNING,  Virginia  JOHN  W.  WTDLER.  New  York 

JOE  D.  WAGOONNER.  Jr.,  Lonlstana  GUY  VANDER  JAOT,  Michigan 

DON  FEQEA,  Florida  LARRY  WINN.  Ja..  Kansas 

GEORGE  E.  BROWN,  Ja.,  California  JERRY  L  PETTIS.  California 

EARLE  CABELL,  Texas  D.  K.  (BHE)  LfKENS,  Ohio 

BERTRAM  L.  PODELL,  New  York  ROBERT  PRICH  Texas 

WAYNE  X.  ASPINALL.  Colorado  LOWELL  P.  WEICKER.  Ja.,  Connecticut 

ROY  A.  TAYLOR,  North  Carolina  LOUIS  PREY.  JR,,  Florida 

HENRY  HELSTl^l,  New  Jersey  BARRY  M.  GOLDWATBB,  jR.,  California 

MARIO  BIAGGI.  New  York 
JAMES  W.  SYMINGTON,  Missouri 
EDWARD  I.  KOCH,  New  Turk 

CHARLES  F.  DtTA.NDEB.  Ejtocufiee  Director  and  Chief  Coungel 
John  A.  Cabstarpben,  Jr.,  Chief  Clerk  and  Ooungel 
Philip  B.  Yeager,  Counsel 
Frank  B.  Hahvill,  Jr.,  Counsel 
W.  H.  Boone.  Technical  ConsuUniit 
James  E.  Wilook,  Technical  Consultant 
Richabo  P.  bines.  Staff  Consultant 
Hakolo  a.  Ooclo,  Ticimieat  Consultant 
Philip  P.  Dickinson.  Technical  Consultant 
William  O.  Wells,  Jr.,  Teehnical  Consultant 
K.  Guild  Nichols,  Jr..  Stag  Consultant 
Elixabetk  S.  Kernan,  Sciontifie  Research  Assistant 
Frank  J.  Oibodx,  Clerk 
Denis  C.  Quiolex,  PuhlUsations  Clerk 
Ricrabo  K.  Sbcllaw,  Assistant  PubUcutions  Clerk  . 


i.,  .  Rose,  Jr.,  Minority  Staff 


St'BCOMMiTT^  (ON  Advanced  Research  and  Technology 
.  KEN  HBCHLBR,  West  Virginia,  Chairman 
JOHN  W.  DAV^S,  Georgli  '  J  THOMAS  M.  PELLY.  Washington 

GEORGE  B.  BI;OWN,  JR.,'Cat(fornia  JOHN  W.  WYDLEB.  New  York 

HENRY  HELS  i  OSKI,  New  D.  B.  (BUZ)  LUKBNS,  Ohio 

MARIO  BIAGGI  New  Yolfti  BARRY  M.  OOLDWATER,  JB.,  California 


CONTENTS 


STATEMENTS 


December  1,  1969; 

Hon.  William  A.  Anders,  Executive  Secretary,  National  Aeronautics 
and  Space  Council;  accompanied  by  Mr.  John  H.  Enders,  Lt.  Col. 

David  D.  Young _  3 

December  2,  1969; 

James  M.  Beggs,  Under  Secretary,  Department  of  Transportation _  2.'5 

December  4,  1969; 

Kendall  Perkins,  corporate  vice  president,  engineering  and  research, 

McDonnell  Douglas  Corp _  62 

Mark  E.  Kirchner,  manager,  V/STOL  Transport  Branch,  Vertol  Di¬ 
vision,  the  Boeing  Co _ S.j 

December  8,  1969: 

Dr.  Thomas  O.  Paine,  Administrator,  National  Aeronautics  and  Space 

Administration _  101 

Mr.  Charles  W.  Harper,  Deputy  Associate  Administrator  (Aeronautics), 

Office  of  Advanced  Research  and  Technology . .  110 

December  9,  1969: 

Mr.  Bruce  T.  Lundin,  Director,  Lewis  Research  Center,  National 

Aeronautics  and  Space  Administration . 149 

Dr.  Raymond  L.  Bisplinghoff,  Chairman,  .Aeronautical  and  Space 

Engineering  Board,  National  Academy  of  Engineering . .  17S 

Dr.  H.  Guyford  Stever,  member.  Panel  on  Science  and  Technology, 

House  Committee  on  Science  and  Astronautics - - -  187 

December  10,  1969; 

Fred  W.  Garry,  vice  president  and  general  manager.  Aircraft  Engine 

Technical  Division,  General  Electric  Co.  of  Cincinnati,  Ohio _  203 

Gen.  Clifton  F.  von  Kann,  vice  president,  operations  and  engineering, 

Air  Transport  Association  of  America _  238 

December  11,  1969: 

James  C.  Elms,  Director,  Electronics  Research  Center,  NASA . .  343 

Dr.  John  S.  Foster,  Jr.,  Director  of  Defense  Research  and  Engineering.  358 
Hon.  Robert  C.  Seamans,  Jr.,  Secretary  of  the  United  States  Air 

Force _  _ _  386 


UU) 


AERONAUTICAL  RESEARCH 


xoHSAT,  SBcaoiaaB  i,  isso 

Hottbe  op  Represemtatitxs, 

CoiaomB  ON  Scixnoe  and  AsTRoxAtmos, 
Sttbcohmiitbb  ok  Ajdvakceo  Bssbasoh  and  Techkoloot, 

'Washington^  D.C. 

The  subcommittee  met  at  10  a.m.,  in  room  2325,  Baybnm  House 
Office  Building,  Hon.  Ken  Hecbler  (diairman  of  the  snb(M>mmitt6e) 
presidw. 

Mr.HioHi.ER.  The  committee  will  be  in  order. 

Li  opening  these  hearings  on  aeronautics  I  am  very  plea^  this 
morning  al^  to  have  present  the  chairman  of  the  full  Committee  on 
Science  and  Astronautics,  the  Honorable  Gteorge  Miller  of  California. 
Good  morning,  Mr.  Chairman. 

Mr.  Mhxer.  Good  morning,  Mr.  Chairman. 

Mr.  TTv/tht.to.  In  September  and  October  of  1968,  the  Subcommittee 
on  Advanced  Besearch  and  Technology  conducted  2  we^  of  hearings 
on  aeronautical  research  and  development.  In  opening  those  hearings, 
I  commented :  “These  hearings  are  designed  to  identify  the  priorities 
needed  in  aeronautical  research  and  development.  We  are  looking 
primar^y  toward  the  future  in  our  emphasis  on  how  to  strengthen 
the  entire  area  of  aeronautics  so  that  the  Nation  will  be  thereby 
strengthened  in  the  1970’8  and  beyond.” 

The  bearings  which  we  are  conducting  this  year  are  a  continuation 
and  extension  of  the  1968  hearings.  They  are  an  additional  indica¬ 
tion  of  the  emphasis  which  the  Committee  on  Science  and  Astro¬ 
nautics  places  on  aeronautics. 

The  importance  of  significantly  increased  attention^  and  support 
to  aeronautical  sciences  and  to  the  future  problems  of  aviation  capable 
of  being  solved  by  research  and  development  is  evident  and,  in  many 
areas,  critical.  The  dimensions  of  those  problems  are  highlighted  by 
the  economics  and  capabilities  of  the  aviation  industry  as  they  exM 
todaj.  For  instance,  the  value  of  the  equipment  operated  by  the  air 
carriers  today  w^  nceeds  $5  billion  and  their  long-range  financial 
indebtedness  now  being  borne  is  about  $6  billion.  Air  transport  now 
accounts  for  more  than  72  percent  of  the  total  passenger  trmc  miles 
traveled  in  the  TJnited  States.  We  have  over  118,^  aircraft  and 
close  to  600,000  nonmilitary  airmen  certificated  in  this  country  today. 
These  statistics,  staggering  as  they  are,  are  really  a  sobering  prediction 
of  what  we  can  expect  over  the  n^  10  years  or  more.  _ 

It  is  on  that  period  of  time  that  the  subcommittee  wishes  to  focus  its 
interest.  The  lack  of  sound  and  long-range  planning  in  the  past,  and 
the  respiting  failure  to  utilufe,  broadly  and  prudently,  the  technologies 
P^pc^  bv  research,  have  n^ted  m  the  enormous  difficulties  being 
experienced  by  the  aviation  industry. 
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The  Committee  on  Science  and  Astronautics,  almost  since  its  in¬ 
ception,  has  strongly  advocated  the  utilization  of  our  advanced  re¬ 
search  resources  to  provide  for  the  contingencies  in  aeronautics  and 
aviation  as  best  they  could  be  predicted.  This  subcommittee,  year  after 
year,  during  the  hearings  on  NASA  authorizations,  has  obtained  the 
approval  of  the  rWl  eoBwmttee,  f<w  funding  of  NASA’s 

aeronautical  research  program.  It  is  thoroughly  recognized  that  the 
leadership  and  prestige  this  Nation  now  enjoys  in  aviation  is  seriousl}' 
threatened  bv  operating  qonditipns  rapi^y  becoming  intolerable,  not 
to  overl<»k  the  growing  competence  or  our  international  competitors. 

Tliu^  it  is  the  intention  of  the  subcommittee,  during  these  hearings, 
to  a^in  help  focus  the  attention  of  the  Nation’s  leadership,  both  in 
the  Federol  and  local  governments,  on  the  urgency  of  greater  em- 
pha^s  on  aermiautical  research.  All  sections  of  the  Nation  must  be 
concerned. because  all,  to  some  degree,  aie  involved.  We  need  more  re- 
s^rch  attention  directed  to  vertical  and  shwt  takeoff  and  landing 
aircraft^  to  avionics,  to  innovative  navigation  systems,  aircraft  struc¬ 
tures,  materials,  and  noise  supppession.  We  need  to  learn  more  about 
how  industry  can  help  through  research  into  computers,  data  proc¬ 
essing,  and  communications  techniques.  Tlie  list  could  go  on  and  on. 

In  addition  to  urging  more  emphasis  on  aeronautical  research  and 
technology,  this  subcommittee  intends  to  urge  the  early  establishment 
of  priorities  that  will  build  a  great  reservoir  of  scientific  knowledge  in 
aeronautics  which  will  be  available  and  applicable  M-hen  it  wiU  be 
needed.  We  can  no  longer  afford  to  solve  today's  problems  with 
yesterday’s  technologies.  Only  advanced  research  can  give  us  at  least 
the  opportunity  to  solve  future  problems  with  research  products 
that  are  realistic  and  workable. 

Onr  purpose  today  is  primarily  to  discuss  whicli  of  the  many  paths 
open  to  aeronautical  E.  &  D.  appears  to  match  our  future  needs. 
Swondarily  we  are  interested  in  discussions  on  how  we  are  to  achieve 
the  goals  we  identify.  The  order  in  wliich  I  place  these  purposes  is 
based  on  theobservation  that  if  one  first  decides  were  he  wants  to  go,  he 
can  usually  find  someone  to  take  him  there. 

We  see  that  the  pace  at  which  areonautics  develop  is  a  matter  of 
rising  importance  to  the  strength  of  our  Nation.  We  also  recognize 
that,  pace  alone,  is  hot  enough.  We  must  also  establish  our  course. 
Of  the  many  paths  open  to  future  development,  tlie  important  ones  are 
those  which  will  best  meet  the  challenges  of  the  future  environment, 
those  which  will  best  serve  the  needs  of  our  evohnng  society,  yet  at  the 
same  time  remain  compatible  with  it.  We  must  examine  research  and 
development  goals  in  .  the  context  that  aeronautics  must  adequately 
fulfill  its  fuqction  as  a  socioeconomic  and  political  force  of  major 
im^rtance. 

The  impari;  of  aeronautics  on  our  Nation  and  on  our  global  society 
over  the  past  two  decades  is  dramatic.  Those  areas  we  once  called  in¬ 
dependent  geographic  regions  have  vanished.  Self-sufl&cient  nations 
are  also  a  part  of  the  past.  The  art  of  flight  has  drawn  the  world  to¬ 
gether  and  whether  we  like  our  close  neighbors  or  not,  the  effect  is  not 
reversible.  the  contrary,  the  effects  of  aeronautical  ^hnolo^_on 
the  way  our  world  functions  will  beromc  even  greater  with  timerrhis 
is  an  enviable  ^ition  for  a  technology.  It  is  enviable  because  it.  pro¬ 
vides  a  view  of  the  future  in  which  the  world.’s  societies  can  accept 
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notihing  less  than  tlie  rapid  gro'wth  and  improvement  in  all  aspects  of 
aeronautical  products  and  services. 

This  committee  looks  at  this  prospect  of  great  growth  and  develop¬ 
ment  with  enthusiasm  but  also  with  deep  ooucern.  These  bright  pros¬ 
pects  are  predicated  on  the  rising  world  requirements  for  aeronauti¬ 
cal  products  and  services.  However,  the  number  of  participants  in  the 
aeronautical  comonuiiity,  competitors  if  you  will,  is  also  rising.  This 
bri^t  periodj  as  it  applies  to  the  aeronautical  future  of  any  nation, 
iptrudi^our  own',  is  neither  automatic  nor  inevitable. 

We  can  diare  it  only  if  we  plan  for  it. 

One  or  two  major  studies  per  year  over  tlie  past  30  years  have  ex¬ 
amined  the  future  of  aeronautics.  Many  of  tliem  were  ordered  by 
Presidents  who  recognized  that  the  future  of  aeronautics  and  the  fu¬ 
ture  of  the  Nation  were  inextricably  related.  It  is  regrettable  that  most 
of  tliese  studies  fell  sadly  short  of  their  intent.  Although  the  studies 
all  predicted  growth,  nearly  all  looked  toward  the  future  but  could 
not  see  beyond  the  present. 

Most  commonly,  the  projections  for  future  aeronautics  and  its  re¬ 
quirements  used  the  formula  which  says  that  if  one  aspirin  works 
today,  we  will  need  10  aspirins  per  day  by  the  end  of  the  decade.  We 
m^,  indeed,  need  more  aspirin  tablets. 

In  a  letter  to  tlie  subcommittee  last  year,  the  then  Executive  .‘^eciv- 
tary  of  the  National  Aeronautics  and 'Space  Council,  E.  C.  Welsh  ob¬ 
served  :  “We  need  and  we  need  now  an  antibiotic  for  the  virus  of  post- 
lioning  research  arid  development.” 

But  whatever  course  we  take  the  R.  &  D.  which  pays  off  will  be  that 
which  anticipates  the  operating  conditions  of  tomorrow’s  environment 
and  seete  systems  whicn  can  provide  the  service  expected,  yet  remain 
compatible  with  the  environment  being  served. 

It  is  a  great  official  honor  and  personal  pleasure  for  me  to  welcome 
the  Executive  Secietary  of  the  National  Aeronautics  and  Space  Coun¬ 
cil,  Mr.  William  A.  Anders.  We  are  fortunate,  indeed,  to  nave  a  man 
with  the  practical  experience  of  Mr.  Anders  as  the  leadoff  witness  in 
this  most  important  area  of  aeronautics. 

STAIEMEUT  OF  HOH.  WHLIAK  A.  ASREBS,  EXECUTIVE  SECSE- 

TABY,  EATIOHAL  AEBOEAUIICS  ASP  SPACE  COUNCIL;  ACCOM- 

PAHXER  BY  MB.  JOHN  E.  ENDEBS  ABU  LT.  COL.  DAVID  D.  YOUEO 

Mr.  Andbks.  Thank  you,  Mr.  Chairman.  Before  I  read  my  state¬ 
ment,  Mr.  Chairman,  I  would  like  to  introduce  two  of  my  colleagues 
I  have  with  me  this  morning,  Mr.  John  Enders,  who  is  on  loan  to  the 
National  Aeronarttics  and  Space  Council  staff  by  the  NA.SA.  Mr. 
Enders  has  an  extensive  background  in  aeronautical  research  and 
development.  He  is  aq  aeronautical  engineer  and  former  research  pilot, 
and  he  will  be  very  helpful  to  us  in  these  areas-  in  the  future.  Also, 
Dave  Young  comes  to  us  from  the  Department  of  Defense,  with  an 
extensive  background  in  the  militaiy  aspects  of  aeronautics. 

Mr.  Hechler.  I  would  also  like  with  unanimous  consent  to  insert  in 
•the  record  a  biographical  statement.  The  world  is  familiar  with  your 
acoomptishments  and  achievements  but  I  would  like  the  record  to 

'ael.iKlfeW  ibrfh  riiftpletely;  arid  that  will  go  into  the  record  at  this 

' .  ■  ‘ ■ 
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(Tlw  biographical  data  <»  Hozi.  William  A.  Anders  referred  to 
above  is  as  follows :) 

WTT.T.TAM  A.  ANDBB8 

lDia(wmva  SnaRAir,  Katioiiaii  AnoRAmos  ahd  Bpaob  Cotmciii, 
Wasbirvtos,  P.O.  20602 

WlUUua  A.  Aoden  aaramed  taia  dutlea  aa  Exacattve  Secretaxr  of  the  Natf  onal 
Aarooaotica  and  Space  OonacU  on  SepUmbw  2.  1960,  after  luvlac  baaa  ap¬ 
pointed  to  thla  poaitkm  by  President  Nixon.  He  waa  bom  In  Hong  Kmg  wbere 
bla  &ther.  Commander  Arthur  F.  Anders,  Betlred,  waa  sezrlng  la  the  Navy. 
The  elder  Anders  received  the  Navy  Cross  for  action  as  an  olBcer  on  tike  gunboat 
Panay  whm  It  came  under  atadc  In  the  Yangtae  Blver  In  1087. 

The  former  aatronant  received  a  Bachelor  Science  degree  from  the  Naval 
Academy  In  1966  and  a  Master  of  Science  degree  In  Nmdear  Engineering  frcgn 
the  Air  Force  Institute  of  Technology  at  Wrlgbt-Patterson  Air  Force  Base  in 
19(0. 

Mr.  Anders  was  commlaaloned  a  second  lieutenant  la  (be  Air  Force  upon 
gradoatton  from  the  Naval  Academy.  After  Air  Force  flight  training,  he  aeived 
as  a  flghter  pilot  in  all-weather  interceptor  squadrons  of  the  Air  Defenae  Com¬ 
mand.  After  his  graduate  training,  he  served  as  a  nuclear  engineer  and  instractor 
pflot  at  the  Air  Force  Weapons  Laboratory,  Klrtland  Air  Force  Base,  New  Mexico, 
wbere  he  was  reqponslble  for  technical  managmnent  ot  radiation  nuclear  power 
reactor  shMding  and  radiation  effects  programs. 

The  San  Diego,  California,  native  has  logged  more  than  3,000  hours  of  flying 
time. 

He  was  one  of  the  third  group  of  astronauts  selected  by  the  National  Aeronau¬ 
tics  and  Space  Administration  in  October  1063.  He  served  as  backup  pilot  for 
the  Gemini  11  aMsslon  and  waa  lunar  module  pilot  for  the  historic  Apollo  8 
ml8Bl<Hi — man's  maiden  voyage  to  the  mocm — December  21-27. 

Following  the  Apollo  8  mission,  he  served  as  backup  command  pilot  tor  Apollo 
11,  the  first  manned  lunar  landing  mlssitm. 

Ha  la  a  co-recipient  with  Astrcmants  Frank  Borman  and  James  Lovell  of  the 
Ifotiooal  Geoigntiphlo  Society’s  Samud  Hubbard  Modal,  the  General  Thomas  D. 
White  USAF  Space  TTophy  the  Harmon  Trophy. 

He  has  also  been  awarded  the  NASA  Dlstingul^ed  Service  Award,  the  space 
agency’s  highest  honor;  the  Air  Force  Commendation  Medal;  Air  Force  Astro¬ 
naut  Wings,  and  the  New  York  State  Medal  for  Valor.  He  is  a  member  of  the 
American  Nudear  Society,  Tan  Beta  PI.  and  Society  of  Experimental  Test 
Filota 

Mr.  Anders  is  married  to  the  former  Val^ie  El  Board  of  Lemon  Grove,  CaU- 
fomla.  They  have  five  children,  Alan,  Glen,  Gayle,  Gregory  and  Eric. 

TBB  sATioitan  aBtoRAUTred  ARD  sracc  oouRoa 

llie  National  Aeronautics  and  ^ipace  Council  la  in  the  Bxecntive  Qfllce  of  the 
President  and  was  estabUShed  by  the  National  Ancnantlea  and  Spaea  Act  of 
1968. 

It  has  the  responsibility  tor  advising  and  assisting  the  Presidm>t  with  raq)ect 
to  policies  and  performance  tbron^ont  the  entire  aeronautics  and  space  field. 
This  InOlndes  the  space  actlvlea  of  ^  Department  of  Defense,  the  National  Aero¬ 
nautics  and  Space  Administration,  the  Atomic  Energy  Commission,  the  State 
D^Mirtmaut,  etc.  As  outlined  In  the  law,  the  OonncU^  fnnctlons  Inctnde  the 
following: 

(1)  aurvey  all  aignlficant  aeronantlcal  and  space  acUvltiee,  including  the  poU- 
des*  ifians;  pngrama,  and  accomifiMimenta  of  all  departmmits  and  agendea  of 
the  United  Mtea  engaged  In  sodi  activltlea ; 

(2)  devdop  a  eouQirehaulve  program  of  aonmantical  and  space  aetlvltlee  to 
be  conducted  by  d^rtnienta  and  agmdea  of  the  United  States ; 

(8)  dedgnato  and  fix  reeopnslbillty  for  the  direction  of  major  areonanttcal 
and  space  activities; 

(4)  psovlda  far  efiteetivn  ooopmtioa  among  all  depnitmomts  andi  agendes  of 
the  Unitad  States  engaged  in  seiunantkal  and  space  activltiask  aad  specify.  In 
my  case  in  wbl(9^  il^ipary  reivoaaihjaity  f^  any  catsgory  of  aaronantieal  gad 
spate  activities  has  been  assigned  to  any  department  or  agency,  whicb  of  thons 
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Mtlyittes  may  be  canted  <m  cooenneBtly  by  other  departmenta  or  asenclee ;  and 
<5)  reatdre  dlfferaiceo  ailalac  ammig  departments  and  ageiMdes  ot  the  United 
States  with  respect  to  aeronantlcal  and  ^lace  acttvltles  under  thla  Act,  tadnd* 
tng  differences  as  to  whether  a  partlenlar  project  Is  an  aeronantlcal  and  «ace 
aetlTlty. 

ffhe  monbecs  of  the  OonneU  are  the  Vice  President  (Chairman),  the  Secretary 
ot  State,  the  Secretary  ot  Defense,  the  Administrator  of  NASA,  and  the  Chal]^ 
mancf  the  ABa 


Mr.^  Hechusb.  I  would  also  like  to  welctane  the  senior  ranking 
minority  member  of  the  committee,  Congreesman  Thomas  Felly  of 
Washington  to  these  heanni^ 

Mr.  ]rau:,T.  Thank  yoa,1^.  Chairman.  I  recall  onr  hearings  last 
^r  to  which  you  referred  in  your  opening  statement.  I  think  those 
hearings  pointM  up  very  definitely  the  fact  if  there  had  been  the  in¬ 
terest  m  research,  say  10  or  IS  years  before,  many  of  the  problems  we 
are  experiencing  today  we  would  not  be  f  aci^. 

^  I  am  hopefm  agam  this  year  we  can  Imve  testimony  from  dis¬ 
tinguished  witnesses  who  will  again  hdp  us  to  increase  we  emphasis 
t^t  those  of  ns  who  are  on  this  subcmnmittee  I  kimw  feel  must  be 
given  to  research  and  aeronautics.  I,  too,  welcome  the  distingui^ed 
witness  today. 

Mr.  HbchIiEB.  Thank  you,  Mr.  Felly.  Mr.  Inkens,  a  distinguished 
member  of  the  committ^  do  you  care  to  make  an  opening  obeerva- 
tionalso? 

Mr.  Lukbns.  I  want  to  say,  Mr.  Chairman,  I  welcome  the  opmr- 
tunity.  I  do  welcome  the  opportunity  to  say  hello  to  the  witness  today. 

Mr.  Anders.  Thank  you. 

Mr.  Mhaer.  I  want  to  say  this  off  the  record. 

(Discussion  off  the  record.) 

Mr.  HsckLER.  Back  on  the  record. 

Mr.  Mxkler.  I  am  very  happy  to  welcome  the  Colonel  here.  He  has 
undertaken  a  ve^  important  tuk. 

Again  we  find  our  hands  tied  by  traditions,  and  certain  forms  of 
bureaucracy.  This  committee  technically  can  go  no  further  than  to 
talk  about  the  technical  side  of  aviation  and  miat  can  be  done  in  it. 
When  it  comes  to  some  of  the  big  things,  or  the  operational  phases, 
of  course  that  is  the  responsibility  of  anotoer  committee.  We  have  got  to 
make  very  sure  we  do  not  encroach  on  their  grounds,  although  it  is  a 
ve^  fine  fine  that  divides  us. 

I  am  ho^ful  that  perhaps  some  day  the  agencies  having  to  do  with 
the  operauon  of  airplanes,  in  the  private  sector,  will  have  some  co¬ 
ordinating  agency  in  Government  that  can  help  them.  The  CAB  and 
the  FAA  all  are  concerned  with  these  matters.  These  matters  a^  not 


our  principal  concern,  yet  we  cannot  overlook  them. 

As  one  who  has  to  depend  on  transportation  to  get  around  the  coim- 
try  and  across  the  country,  I  realize  the  great  l^n  the  aviation  in¬ 
dustry  is  to  us,  except  when  an  airport  is  socked  in.  One  of  our  mem- 
bm&  who  is  cnairman  of  a  subcommittee  was  up  in  Hartford  last 
week.  He  got  up  at  7  o’clock  in  the  momiim  so  he  could  get  a  plane 
to  come  here  to  conduct  a  hearing  at  10  o’clock.  About  11  o’dow  we 
got  a  telephone  call  from  him  from  Norfolk.  The  Washington  Airport 
was**so(^din.” 

In  Hay  own  case  I  remember  I  was  wanting  to  go  to  Boston  one  time. 
When  we  got  to  New  York  we  were  grounded.  At  3  o’clock  in  the 
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iitorning  tjxej’  started  us  up  <.>u  a  series  of  buses  fUat  got  there— we  left 
at  aboutfjLl  ofclock  abnight^  X  ^esait  was,  Dicki 
.  .'Mr.  liiNEB.  Yes,8ip. 

Mr;  MiixTR.  We  got  into  Boston  at  3  oVlock  in  the  morning.  I  was 
on  a  disoussiou  panel  at  10  o'clock.  I  think  it  would  have  been  mud i 
better  if  i  haid.  stayed  at  home. 

But  I  am  saying  this  now  for  the  l)enefit  of  iny  colleagues  on  other 
committees.  . 

It  is  indeed  hard  to  get  into  small  towns  in  the, Middle  West  now. 
My  wife's  people  came  from  a  I'ery  small  town  in  Nebraska.  Then  we 
would  have  to  get  off  the  train  in  Denver  and  catch  a  local  into  Omaha. 
But,  it  would  stop  at  a  town  within  ouly  4  nules  of  my  wife’s  home. 
Today  if  you  waut  to  get  into  the  same  connnunity  you  take  a 
bus  two-thirds  of  the  way  across  the  country.  If  you  go  by  air,  yon 
are  not  too  certain  whether  or  not  you  are  going  to  get  into  the  small 
airport  of  this  town.  Jtis  very  hard  to  figure  on. 

1  tliink  these  are  some  of  the  things  that  have  got  to  be  taken  care 
of.  In  aviation,  a  good  deal  of  it  is  the  teclmology  that  can  furnish 
necessary  equipment  for  bacl  weather  landing.  I  am  sure  in  the  futiii'c 
we  will  break  through  the  fog  liarrier  and  lie  able  to  land  in  all  types 
of  weather.  That  is  one  of  the  things  that  we  must  be  concerned  with. 
The  pres.sure  for  this  should  be  coming  from  other  agencies  of  Govern¬ 
ment,  too.  I  am  a  little  afraid  this  hasn't  been  the  case. 

This  isn’t  your  problem,  Colonel.  It  is  the  proljlem  of  the  countiy, 
but  it  IS  the  thing  that  you  and  this  committee  must  look  to  because  we 
do  have  some  secondaiy  resixmsibility  in  the  field.  Thank  you.  Mr. 
Cliaii'nnm. 

Mr.  I  appreciate  your  comments,  Mr.  Chairman,  and  com¬ 

mend  you  for  the  leadership  you  have  exercised  in  the  field  of  aero¬ 
nautics.  I  would  like  to  also  make  it  rierfectly  clear  for  the  record  that 
it  was  at  your  suggestion  that  these  hearings  on  aeronautical  research 
were  initiated. 

Mr.  Anders,  once  again  we  welcome  you  and  you  may  continue  with 
your  statement. 

Mr,  Ani«rs.  Tliank  you. 

It  is  a  great  pleasure  for  me  to  appear  before  your  subcomn.ittee 
today. 

This  is  my  first  apfiearance  before  Congre.ss  as  Executive  S^cretaiy 
of  the  National  Aeronautics  and  Space  Council.  It  is  appropriate  that 
this  first  appearance  of  mine  deals  with  aeronautics  since,  as  I  have 
mentioned  several  times  in  convei'sation  with  you,  Mr.  Chainnan,  I 
intend  to  insure  that  the  responsibilities  in  aeronautics  tliat  have 
been  assigned  to  the  Council  and  its  staff  are  not  neglected. 

Mr.  Chairman,  I  have  been  readuig  with  great  interest,  the  docu¬ 
ments  i-eporting  on  previous  congressional  hearings  and  staff  in¬ 
vestigations  concerned  with  aeronautica  These  review  activities  have 
perfonned  a  great  service  to  the  Nation  by  identifying  many  of  the 
problems  which  threaten  to  diminish  the  liealthy  gi-owth  of  air  com¬ 
merce  and  the  essential  development  of  military  aviation  in  our 
country. 

Since  I  assumed  the  office  of  Executive  Secretary  of  the  Naticmal 
Aeronautics  and  Space  Council  just  last  September,  I  frol  that'  it 
would  be  presumptuous  for  me  to  suggest  that  in  the  brief  time  I 
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have  been  on  the  job,  I  could  become  siiffieieiuly  expert  in  this  compli¬ 
cated  field  to  make  a  significant  contribution  to  a  detailed  listing 
of  the  problems  which  face  tieronautics  today.  Much  of  this  identifi¬ 
cation  nas  already  been  done  well  by  experts  in  this  field,  not  only 
in  your  past  hearings,  but  through  repoiis  in  the  tecluiical  and  pixi- 
fessional  journals;  through  articles  in  the  trade  press;  and  through 
the  publication  of  technical  studies  by  those  Governnient  agen<  ie.s 
concerned  with  various  aspec-ts  of  aeronautics.  But,  though  1  still 
have  much  to  learn  in  this  area,  it  does  seem  to  me  that  our  national 
aeronautics  problems  can  be  placed  into  the  broad  categories  of  basic 
le-search  and  development,  flight  veliicles  and  propulsion,  air  tratlic 
control,  airport  planning,  and  public  irritants. 

What  I  would  like  to  concentrate  on  this  morning  are  my  plans  for 
tlie  organization  of  my  staff  and  the  role  of  the  National  Aeronautics 
and  Space  Council  witli  resiiect  to  the  national  aeronautics  effort  and 
its  relationship  with  the  Government  agencies  and  departments  that 
are  concerned  with  aeronautics.  This  will  be  without  regard  to  wiietlier 
these  agencies  are  stivtutory  members  of  the  Council. 

In  order  to  fulfill  the  aeronautics  responsibilities  assigned  the  Coun¬ 
cil  by  the  National  Aeionautics  and  Space  Act  of  1958,  I  am  rein¬ 
forcing  my  staff  with  aeronautical  s|iecialists.  As  a  stop-gap  measure, 
to  bridge  an  excessively  restrictive,  budgetary  situation,  1  have  had 
these  9{3ecialists  detailed  to  the  NASC  staff  from  NASA  and  the  IX  )1 ). 
Hopefully  the  situation  will  soon  ease  and  I  will  be  able  to  employ 
this  type  of  expert  help  <ljrectly.  These  experts  will  have  recent 
experience  in  aeronautical  research  and  development,  te<'lmical  man¬ 
agement,  and  operations,  ns  well  as  an  8pi>reciation  of  how  the  Go\  - 
eiTunent  agencies  and  departnients  work  within  themselves,  with  each 
other,  and  with  civil  aviation. 

My  plans  are  that  they  will  concentrate  their  initial  efforts  on  s[)e- 
cific  issues  within  the  broad  categories  of  problems  that  have  l)een 
identified.  The  solution  of  these  specific  problems  hopefidly  will  lead 
to  a  more  clearly  defined  national  aviation  policy  which  will  liel  > 
e.stablish  national  aviation  goals.  In  this  way  we  should  1*  equi|)j)ed 
to  determine  how  aviation  can  continually  improve  its  sei  vice  to  so¬ 
ciety.  Of  special  importance,  we  .should  be  able  to  identify  potent iul 
problem  areas  that  can  be  addressed  Itefore  they  become  critii-a1.  Of 
course,  the  level  of  effort  I  am  discussing  this  morning  is  coutininmt 
upon  approval  of  the  budget  I  am  requesting  for  fiscal  year  1971. 

One  or  the  first  issues  I  plan  to  address  is  that  of  aeronautical  K.  &  D. 
policy,  A  congressional  report  recommended  almost  2  years  ago  that 
the  National  Aeronautics  and  Space  Council  act  as  the  focal  point  for 
the  development  of  a  more  comprehensive  and  better  coordinated  aero¬ 
nautical  B.  &  D.  policy.  Since  my  apjwintment  as  Executive  Secretury 
of  the  Council,  many  aerospace  professionals  have  expres.sed  their  peiv 
sonal  hopes  to  me  and  members  of  my  staff  that  the  Council  could 
indeed  be  the  mechanism  for  top-level  national  foeiis  on  aeronautics.  I 
agree  that  the  Council  could  be  very  effective  in  this  role.  Therefoic, 
my  aeronautics  staff  and  I  intend  to  work  closely  with  appropriate  ile- 
partments  and  agencies  toward  this  goal. 

Aerohautics  Covers  a  wide  spectrum  of  activity :  research,  develops 
ment,  testing,  production,  certification,  regulation,  and  opt'rations.-The 
areas  most  critical  from  a  long-range  point  of  view  app^r  to  be  le- 
search,  development,  and  testing,  for  these  activities  provide  the  con- 


fidence  and  capabilities  needed  by  the  manufacturer  and  operator  in 
order  to  progress.  It  is  to  these  areas  that  m3'  staff  and  I  plan  to  de¬ 
vote  our  major  attention.  In  addition,  we  recognize  that  our  respon- 
sibiUty  in  aeronautics  extends  far  beyond  the  development  of  flight 
vehicles.  Our  national  policy  must  include  consideration  of  the  complex 
man-machine  relationships  within  the  environment  in  which  the  vehi¬ 
cle  <^>Mratee.  One  cannot  change  a  part  of  the  system  without  some 
effect  on  the  others.  Nothing  worthwhile  comes  free  in  our  world  today, 
and  that  includes  progress  in  aviation.  Many  times  progress  creat^ 
problems,  and  the  problems  frequently  manifest  themselves  in  the 
form  of  public  irritants — noise,  pollution,  travel  delays,  and  so  on.  Our 
staff  awareness  and  understanding  must  extend  to  these  types  of 
problems  m  we  work  with  the  Government  departments  and  agencies 
and  with  industry  in  seeking  prompt  realistic  solutions  for  the  mini¬ 
mum  tax  dollar. 

In  this  discussion  of  Council  responsibilities  and  methods  of  opera¬ 
tion,  I  may  have  left  the  impression  that  the  Council  with  its  staff  can 
be  a  panacea  for  all  aviation  ills.  The  functions  and  responsibilities  of 
the  Council  in  aeronautics,  as  stated  in  the  National  Aeronautics  and 
Space  Act  of  1958,  are  quite  broad  and  will  be  beyond  the  capabilities 
or  the  Council  and  a  competent  supporting  staff  unless  we  l  ave  the  full 
support  and  cooperation  of  the  governmental  departments  and  agen¬ 
cies  that  also  have  responsibilities  and  interests  in  this  field.  Ju5  as 
NASA  cannot  unilaterally  be  expected  to  solve  all  problems  in  aero¬ 
nautical  research  and  development,  the  NASC  cannot  unilaterally  re¬ 
solve  all  the  vexing  policy  issues  in  aeronautics.  I  do  not  view  the 
Council  staff  as  a  small  research  and  development  group.  Nor  are  we 
an  inspector  general  who  grades  the  work  of  others.  I  do  believe, 
though,  that  one  of  our  chief  responsibilities  is  the  identification  of 
gaps  in  aeronautical  research  and  development  which,  if  unfilled,  will 
have  a  detrimental  effect  on  the  healthy  progress  of  aviation.  Mv  staff 
and  I  will  work  closely  with  responsible  departments  anti  agencies 
as  well  as  indu^ry  and  the  universities,  so  that  we  can  anticipate  prob¬ 
lems  and  coordinate  research  in  a  timely  manner  to  avtiid  the  necessity 
for  crash  programs  and  other  reactive  activity.  What  I  would  like  to 
see  in  the  future  is  effective  planning  and  policy  on  a  national  basis. 
This  does  not  necessarily  mean  that  the  implementation  of  these  poli¬ 
cies  or  plans  will  be  inexpensive. 

However,  by  avoiding  symptomatic  solutions,  such  as  the  aspirin  you 
menticmed  earlier,  the  taxpayers  should  realize  more  research  and  de- 
velopment  for  his  tax  dollar.  To  assist  in  our  planning,  my  staff  will 
draw  upon  the  many  studies  and  investigations  sponsored  by  other 
Government  agencies  and  departments,  as  well  as  by  the  industry  and 
trade  associations.  This  pixKsedure  will  also  assist  in  our  identifica¬ 
tion  of  today’s  and  tomorrow’s  aeronautics  problems.  In  this  regard, 
we  have  already  imtiated  an  effort  to  ctunpile  the  recommendations 
of  the  studies  and  investigations  conducted  during  the  past  decade  as 
a  first  step  toward  understanding  the  situation  confronting  us.  Wc 
want  to  see  what  past  recommendations  have  been  acted  upon  and 
what  reasons  exist  for  those  that  have  not.  After  this  has  been  accom¬ 
plished,  I  should  be  in  a  better  position  to  answer  the  questions  on 
aeronantics  problems  posed  by  this  subcommittee  and  also  oe  in  a  better 
potion  to  fonntilate  recoinm«idations  to  the  Council  for  piolicy  con- 
sideratidn  by  the  Chief  Executive. 
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The  derelopment  of  an  effective  national  policy  for  aeronautioB 
reqiadres  the  active  cooperation  and  participation  ot  all  concerned  or- 
ganizatioois.  When  the  Council  waa  estaiblimed  by  the  N^i(»ial  Aero- 
naatics  and  Space  Act  of  1968,  the  statutory  membership  was  repre¬ 
sentative  of  the  primary  Oabinet-level  inter^  in  aeronautics.  Today, 
this  country  has  three  great  agencies  concerned  with  aeronautical  prob¬ 
lems  :  NASA,  DOD,  and  DOT.  Althoi^h  not  a  statutory  Council  mem- 
bw,  the  Dmartment  of  Tr^sportation,  since  its  establishment,  has 
been  invited  to  participate  in  all  Council  meetings  when  aeronautics 
has  been  a  subject  of  discussion.  This  practice  will  continue  and,  I  hope, 
it  underlines  the  importance  with  which  the  Vice  President  and  I  view 
the  Council’s  relationshm  with  the  DOT  and  its  aeronautical  agen¬ 
cies:  the  FAA  and  the  Coast  Guard.  Since  many  of  the  publicly  rec¬ 
ognized  probl«n  areas  fall  within  DOT’S  purview,  any  dialog  preced¬ 
ing  recommendations  for  national  policy  cannot  be  conducted  without 
that  agency’s  involvement.  I  intend  as  my  staff  is  developed,  to  in- 
<^ase  our  existing  interface  with  DOT  and  its  agmcies  to  insure  their 
timely  input  to  Council  deliberation  and  staff  activity. 

Ea^  of  the  Government  org^zations  that  are  active  in  aeronautics 
has  its  own  unique  talents,  qualifications,  and  responsibilities.  There  is 
some  overlap  in  research,  development,  and  testing  capability  among 
them,  but  this  is  not  in  itself  bad.  Sometimes,  the  technique  of  multiple 
research  approaches  to  solving  a  problem  is  the  most  economical  in  the 
long  run.  On  the  other  hand,  I  believe  that  where  there  is  ovmQap,  care 
should  be  exercised  to  see  that  imdesirable  duplication  of  effort  and 
facilities  is  avoided  since  every  uimecessary  duplicative  effort  wastes 
valuable  manpower,  faciliti^  and  funds  that  could  be  more  effec¬ 
tively  applied  to  other  areas  in  need  of  attention.  Since  we  do  not  have 
unlimited  funds,  skills,  and  facilities  as  far  as  our  Nation’s  aeronau¬ 
tical  B.  &  D.  needs  are  concerned,  we  cannot  afford  to  divert  what 
resources  we  have  on  unprofitable  duplicative  effort.  Such  unproduc¬ 
tive  effort  can  be  avoided  only  through  close  interagency  coordinatioii 
and  cooperation.  To  this  end,  I  believe  the  Council  and  its  staff  can  be 
most  helpful.  We  would  hope  to  be  the  catalyst  for  this  process  to 
assure  that  coordination  of  programs  is  taking  place,  and  to  encourage 
cooperative  or  complementaiy  Goverament  programs  where  the  Nation 
womd  benefit. 

Tha  delineation  of  the  activities  and  responsibilities  of  the  three 
technically  powerful  Govermnent  ag^cies  which  have  talents  in  aero¬ 
nautics  was  easier  in  the  past  than  it  is  today,  but  some  generalization 
is  possible.  NASA,  as  the  NACA  before  it,  is  the  primary  aeronautics 
B.  &  D.  Agenicy  of  this  Nation.  The  DOD  has  specitd  qualifications  m 
certain  research  areas,  but  of  course  its  main  capability  and  puroose  lie 
in  the  development  and  operation  of  military  systems.  The  DOT  and 
its  Federal  Aviation  Administration  are  charged  by  statute  with  re¬ 
search  and  devdopment  for  civil  air  systems  as  weU  as  insurii^  the 
safety  of  civil  operaticms  and  the  control  of  Uie  Nation’s  air  t-affic. 

The  NASA  statonent  made  before  this  subcommittee  last  year  did 
an  outstanding  job  of  describing  the  complexity  of  aeronautics  and 
recognized  how  difficult  it  is  to  alleviate  one  problem  without  creating 
othem  An  aerodynamic  research  proiect  may  result  in  a  new  wing 
design  of  greater  flight  efficient,  but  it  may  also  influence  the  opera¬ 
tion  of  the  aircraft  m  the  terminal  area,  causing  the  air  traffic  control 


system  to  Income  overloaded.  On  the  other  hand,  a  new  avionics  break¬ 
through  might  make  the  acceleration  of  air  traffic  handling  possible  at 
one  point  in  the  ATC  system  while  producing  traffic  saturation  at 
another  point.  Limitations  on  ciperations  at  key  airports  due  to  noise 
restrictions  or  inadequate  air  traffic  control  capability  can  change 
airline  procurement  policies  regarding  new  aircraft.  Military  tech- 
notegy  applicable  to  the  improvement  of  civil  systems  be  un¬ 
available  to  the  civil  air  S3retem  because  of  security  reasons.  These  are 
illustrations  of  the  complicated  interagency  problems  which  occur 
daily.  I  strongly  feel  that  the  Council  and  its  staff  can  and  must  pro¬ 
vide  a  useful  and  productive  service  in  the  key  role  of  assuring  that 
coordination  and  communication  take  place  between  Government 
agencies  with  aeronautical  responsibilities. 

I  have  not  yet  commented  on  one  specific  recommendation  suggested 
for  the  Council  in  the  past  by  a  Congressional  Report  on  Aeronautical 
Research  and  Development.  In  calling  for  an  in-depth  study  on  civil 
aviation  R.  &  D.  policy  to  be  performed  jointlv  by  NASA  and  DOT, 
the  Senate  Committee  on  Aeronautical  and  Space  Sciences  recom¬ 
mended  that  as  soon  as  the  results  of  the  study  are  available,  the 
National  Aeronautics  and  Space  Council,  with  the  Department  of 
Transportation  and  Bureau  of  the  Budget  as  participants,  consider 
the  appropriate  level  of  Federal  Government  involvement  in  aero¬ 
nautical  R.  &  D.  This  joint  NASA/DOT  study  has  begun,  and  will, 
hopefully,  provide  some  of  the  important  answers  we  arc  all  seeking. 
I  am  to  report  that  my  staff  and  I  have  been  in  contact  with 

the  executive  director  for  this  effort.  We  are  following  closely  the  de¬ 
velopment  of  this  study. 

In  summary,  Mr.  Chairman,  I  wish  to  assure  you  and  the  members 
of  this  subcommittee  that  I  am  attempting  to  implement  the  Vice 
President’s  wish  that  the  National  Aeronautics  and  Space  Council 
be  active  in  space  and  aeronautics.  Aeronautics  will  receive  Council 
staff  attention.  However,  our  success  in  dealing  with  aeronautics  prob¬ 
lems  at  a  national  policy  level  will  be  determined  to  a  great  extent  by 
the  interest  and  support  provided  by  both  the  Government  and  private 
business.  The  task  ahead  for  all  <hc  us  is  not  an  easy  one,  but  I  can 
assure  you  that  the  Council  and  its  staff  will  work  to  assist  in  the 
development  of  a  national  aeronauti<%  posture  that  is  vigorous,  effec¬ 
tive,  and  responsive  to  the  needs  of  our  society.  I  wish  to  be  as  helpful 
as  possible  to  this  subcommittee.  I  believe  my  planned  staff  will  be  of 
assistance  to  y  ou  and  your  colleagues. 

That  concludes  my  statement  Mr.  Chairman.  I  thank  you  and  the 
members  of  the  subcommittee  mr  inviting  me  to  appear. 

Mr.  Hechler.  Thank  you  for  this  excellent  leadoff  statement,  Mr. 
Anders. 

As  one  of  the  three-man  crew  that  first  circled  the  moon,  you  may  be 
in  a  position  to  answer  a  question  I  am  frequently  asked.  How  were  you 
able  to  get  up  to  the  moon  so  successfully  when  now  we  are  unable  to 
solve  a  lot  of  these  aeronautical  problems  of  a  mote  mundane  nature  ? 
How  do  you  answer  that  question  ? 

Mr.  Anders.  I  get  that  question  with  respect  to  a  lot  of  the  problems 
tlmt  face  our  county  today,  Mr.  Hechler.  It  seems  to  me  we  could  say 
that  the  job  of  landing  on  the  moon  really  is  kind  of  a  simple  one.  The 
President  stated  his  requirement.  He  gave  the  job  to  the  engineers. 


'I'hey  brought  out  their  slide  rules  to  determine  what  was  iieeessary, 
turned  their  computeis  on,  iuid  the  Apollo  system  came  out  the  other 
end.  That,  sort  of  oversimplifies  it,  but  I  think  that  puts  it  in  some 
jierspective. 

Congress  got  behind  them  and  provided  the  funds  to  do  the  job. 
This  is  mainly  a  tecluiical  job.  The  problem  we  are  talking  about  today, 
aeronautics,  is  a  technical  one,  but  it  is  also  a  “people^’  prolilem.  It 
I'eminds  me  of  Dr.  von  Braun’s  comment  when  asKed  that  same  ques¬ 
tion.  He  said  it  reminded  him  of  a  situation  at  a  large  dinner  party, 
where  he  knew  where  he  was,  he  knew  where  his  seat  was,  but  it  was 
always  so  difficult  to  get  there  because  there  were  so  many  people  in  the 
way.  These  people  problems  are  some  of  the  hardest  we  have  to  address ; 
we  can’t  work  them  out  on  a  slide  rule — noise  abatement - 

Mr.  Miller.  Would  you  also  include  in  that  “people’s  problem"  some¬ 
times  there  are  political  problems  and,  interpolitical  problems  too?  I 
was  in  a  dinner  party  in  Los  Angeles  given  by  one  of  the  people  high 
in  the  space  agency,  and  one  of  the  guests  was  the  mayor  of  IjOS 
Angeles.  The  president  of  the  university  interjected  a  question :  “Mr. 
Miller,  you  talk  about  going  to  the  moon.  What  are  you  doing  in  Con¬ 
gress  about  solving  the  transportation  problem  in  Los  Angeles,  get- 
tiim  p^ple  to  and  from  these  places  ?” 

1  said,  “Doctor,  we  are  not  doing  anything  in  Congress  about  that, 
because  if  we  did,  the  gentleman  sitting  next  to  you,  who  happens  to 
be  the  mayor” — now  the  mayor  and  I  started  in  politics  together  in 
1936,  and  I  served  with  him  in  the  House — I  said,  “the  gentleman 
sitting  next  to  you  would  be  up  on  his  hind  legs  just  screaming  to 
high  heaven.” 

George,  you  will  pardon  me  because  this  comes  from  your  part  of  the 
country — ^this  was  Government  interference  with  the  municipalities 
of  the  people  of  the  State,  and  the  duties  of  the  State  officials  and  the 
Federal  Government.  Isn’t  this  part  of  vour  problem,  too? 

Mr.  Anders.  That  is  included  in  what  f  meant  by  “people”  problem. 

Mvi  Hechler.  I  would  like  to  make  one  further  observation  before 
throwing  the  discussion  open  to  other  members  of  the  conmiittee. 

I  never  cease  to  underline  the  fact  that  the  organization  of  which 
you  are  Executive  Secretary  is  called  the  National  Aeronautics  and 
Space  Council.  You  are  operating  under  the  authority  of  the  National 
Aeroanutics  and  Space  Act  of  1958.  This  committee  deals  in  its  imijor 
relationships  with  the  National  Aeronautics  and  Space  Administra¬ 
tion,  and  it  is  for  this  reason  that  we  are  putting  so  much  emphasis  on 
aeronautics. 

You  referred  to  the  National  Aeronautics  and  Space  Act  of  1958, 
and  1  would  jmst  like  to  include  for  the  record  at  this  point  those 
portions  of  the  National  Aeronautics  and  Space  Act  of  1958,  as 
amended,  which  define  the  functions  of  the  Council  of  which  you  are 
Executive  Secretary: 

To  advise  and  assist  the  President  in  the  following :  (1)  Survey  all  significant 
aeronautical  and  space  activities  Ihcluding  policy  plans,  programs,  and  accom¬ 
plishments  of  ail  departments  and  agencies  of  the  t7nited  States  engaged  in  such 
activities;  (2)  develop  a  comprehensive  program  of  aeronautical  and  siwce 
activities  to  be  conducted  by  derartments  and  agencies  of  the  I’nlted  States: 
(3)  designate  and  fix  respo'nsibuities  for  the  direction  of  major  aeronautical 
and  space  activity.  .  .  . 
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So  you  have  a  very  broad  charter  for  aeronautics  in  the  Nationid 
Aeronautics  and  Space  Act 

I  am  very  pleasra  t^t  in  vour  openi^  statement  you  recognize 
the  scope  of  responsibility,  and  the  capacity  and  potential  for  future 
leadership  in  the  development  of  future  research  which  the  National 
Aeronautics  and  Space  Council  has. 

Mr.  Brown,  do  you  have  any  questions  or  observations? 

Mr.  Browk.  I  don’t  have  aiw  questions  right  now,  Mx.  Chairman. 

Mr.  Hechler.  I  am  pleased  to  welcome  Mr.  Fulton. 

Mr.  Fulton.  I  am  glad  to  be  here. 

Mr.  Hechleb.  Do  you  have  any  questions  or  statements? 

Mr.  Fui/ton.  I  think  Mr.  Lukens  and  I  were  talking  about  the 
problein  of  not  only  the  people  but  of  the  traffic  congestion,  the  mere 
congestion  of  people.  On  the  moon  you  don’t  have  this  congestion, 
as  yet. 

I  have  been  interested  in  the  Space  Council,  and  have  questioned 
whether  the  membership  was  set  tw  high  when  it  was  set  at  Cabinet 
level. 

I  feel  that  people  who  work  on  a  more  practical  basis  should  be  put 
on  the  Space  Council — Dr.  Pickering  might  be  one,  or  •"’^e  head  of 
Manned  Space  Flight  might  be  another,  or  somebody  from  the 
operating  agencies,  or  the  overseeing  agencies  of  the  aeronautics 
industry.  Would  it  be  possible  to  bring  it  down  out  of  the  clouds  and 
get  a  much  more  close  interface  with  Council  members  that  are  more 
in  the  operation  ?  For  example.  Dr.  Werner  von  Braun  might  be  a  good 
suggestion,  or  General  Phillips  and  George — Dr.  George  Mueller. 

Mr.  Miller.  Will  the  gentleman  yield? 

Mr.  Fulton.  Yes. 

Mr.  Miller.  I  perhaps  have  a  little  more  experience  in  this  field 
than  most  of  you  because  I  was  chairman  of  the  first  Subrommittee  oh 
Oceanography  established  in  the  Congress — you  were  on  it  Mr.  Pelly. 

Mr.  Pellt.  I  was  on  the  committee. 

Mr.  Fulton.  We  on  this  committee  have  always  regretted  that  you 
got  it  away  from  us. 

Mr.  Miller.  Well,  we  had  another  interagency  committee  <hi  ocean¬ 
ography  which  was  pretty  much  on  the  level  of  which  you  speak.  It 
never  got  anything  done  because  the  people  who  came  there  wouldn’t 
speak  for  their  ^ency.  They  had  to  go  back  and  get  the  permission 
of  the  head  of  t&  agency. 

So  I  think  when  the  Space  Council  was  set  up,  that  they  did  put 
the  heads  of  departments  on  it.  But  the  heads  of  departments  can 
designate  people  to  act  for  th^  and  be  present  for  the  agency,  but 
at  least  they  nave  the  direct  line  with  the  secretary.  I  think  this  is 
something  you  would  want  to  watdi  and  study  very  carefully  before 
any  changes  were  made  in  the  Act  with  respect  to  tne  member^p  of 
the  Council. 

Mr.  Fulton.  I  think  probably  the  Secretary  of  the  State  Depart¬ 
ment  is  uimecessay  on  the  Space  Counol, 

Mr.  Hechler.  Will  the  gentleman  ykld? 

Mr.  Fulton.  I  ,  will  be  ^ad  to. 

Mr.  Hechler.  Excuse  me,  Mr.  Chairman. 
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Mr,  Mjfj.m.  He  mentioned  tim  Seciataxy  of  State.  Yon  don’t  know, 
wbother  or  not  in  the  not  too  distant  fatoie,  the  Secretaiy  of  State’s 

C'tion  on  the  Council  may  be  very  important.  Bight  now  NASA 
entered  into  an  agreement  with  India  to  orbit  a  communications 
satelli^  to  beam  ri^t  into  2,000  schools  in  India  for  the  purpose  of 
es^lMiing  educa^m  in  these  places. 

Inis  is  ^  place  wh^  you  are  going  to  need  someone  from  State, 
and  someone  nigh  enough  in  State  who  can  talk  to  the  Sem^tary 
if  problems  arise  in  this  fimd.  This  is  merriy  one  of  them. 

Mr.  Ftnmox.  The  point  of  my  request  was  I  would  like  to  see  how 
many  of  the%  top-flight  people  ever  came  to  any  of  tiie  meetings,  or 
knew  anything  about  it. 

Mr.  Mttj.kr.  How  often  do  you  send  your  administrative  assistant 
to  Congress? 

Mr.Fi  JI.T0N.  Maybe  we  should  ask  the  witness. 

MLr.  Aimrats.  We  have  had  two  Couninl  meetings  since  I  have  come 
onboard.  In  both  cases  we  have  either  had  tiie  principal  designated 
by  law,  or  one  of  his  immediate  decisionmaUng  level  people  present. 

With  respect  to  what  Mr.  Fulton  has  said,  I  view  the  National 
Aeronautics  and  Space  Council  and  its  staff  to  have  a  twofold  value. 
I  think,  frankly,  one  of  the  most  mgnificant  values  it  can  have  is 
through  the  activities  of  its  staff,  whose  interfaces  are  with  the  kinds 
of  people  you  mentioned ;  and  as  a  matter  of  fact,  I  thinlr  every  one 

Ka  mentioned  we  have  had  contact  with  in  just  this  ^ort  period  I 
ve  been  onboard— Wmmer  von  Braun,  Dr.  Pictering— beomse  these 
are  the  operaticms  people;  these  are  the  doers,  and  uiese  are  in  fact 
the  staff  members  ot  (he  principal^  staff. 

We  feel  it  is  important  for  our  group,  the  Council  staff,  to 
have  a  very  close  interface  with  the  various  a«ncies  at  the  working 
levels,  to  be  «dfle  to  generate  appropriate  staff  work,  to  be  able  to 
loiflc  ahead  into  the  future  and  tarn  to  these  pmple  and  get  their  ad- 
yioe,  in  order  that  we  can  present  to  the  principals  themselves  essen¬ 
tially  a  completed  effort.  By  (he  time  the  Vice  President,  Mr.  Laird, 
or  his  <^gnee.  Dr.  Seamans,  Under  Secr^ary  Johnson,  Dr.  Paine, 
and  Dr.  SMbotg  get  twether  as  onr  Council,  we  want  the  pacl^ge 
^retfy  w^  in  hrad  so  they  can  have  some  final  discussion  on  it  and 
mther  approve  or  dis^prove  the  plan; 

I  think  in  effect,  (Jongressman,  we  are  implementing  your  desire, 
and  it  certainly  is  our  desire  to  do  just  that,  necause  we  ml  that  we, 
the  Council  staff,  cannot  operate  in  a  vacuum.  We  cannot  sit  over  in 
the;^xecative  Cmoe  Building  and  pontificate  space  and  aeronautic 
polieies.  We  have  to  go  out  and  find  out  for  the  President  what  it 
IS  his  great  operat^  agmcies  fesi  are  r^uired  in  the  fatoie.  Check 
with  tm  universiti^  scientific  communities,  check  with  the  public 
and  private  enterpri^  check  with  Congress,  and  all  the  other  forces 
that  are  bearing  on  any  decision  that  he  might  want  to  make  on  space 
or  aeronautic. 

Mr.  Fm/ron.  I  am  glad  the  Vice  Pretident  is  so  interested  in  aero¬ 
nautics  and  space,  but  I  can  hard^  believe  he  has  been  at  a  meeting, 
in  4U  good  humor,  because  when  he  is  assodating  with  you  intellectuaTs 
have  been  no  quotes.  Let  me  ask  you  to  supply  for  the  record : 
The  rdationship  to  the  activities  of  the  Nationm  Aerohautics  and 
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Space  Council  of  Col.  Frank  Borman,  U.S.  Air  Force  (in  his  present 
capacity),  md  Col.  Michael  Collins,  U.S.  Air  Force,  in  his  future 
role  as  Assistant  Secretary  of  State  for  Public  Affairs. 

Mr.  Anders.  Yes  sir. 

My  Btatment  is  as  follows;  Colonel  Frank  Borman,  DSAP,  Is  presently  as¬ 
signed  to  the  National  Aeronautics' and  Space  Administraticm  in  the  capacity  of 
Field  Director,  Space  Station  Task  O-ronp;  I  flew  with  Colonel  Boman  on  Axx>llo 
S :  he  is  a  man  with  conslderafole  experience  in  the  aeroqtace  fleld  and  one  whose 
judgment  is  greatly  respected  at  all  levels  of  government  and  industry.  Colonel 
Borman  has  no  direct  relationship  with  the  National  Aeronautics  and  Space 
Council  that  would  differ  from  that  of  any  other  senior  NASA  official.  Colonel 
Borman  has,  from  time  to  time,  been  assigned  specific  i^ce-related  tasks  by  the 
Pre.sldent;  e.g.,  foreign  goodwill  trip,  Apollo  11  crew  dinner  and  ceremonies. 
Cosmonaut  visit 

Colonel  Michael  Collins,  IISAF,  'Will  soon  l)e  assuming  bis  new  position  as 
Assistant  Secretary  of  State  for  Public  Affairs.  As  you  know,  the  Secretary  of 
State  is,  by  law,  a  member  of  the  National  Aeronautics  and  Space  Council.  While 
Colonel  Collins’  new  position  is  strictly  in  the  field  of  Public  Affairs  as  it  aigflies 
to  State,  there  can  be  -no  question  titot  his  advice  on  space  matters  would  be 
available  to  the  Secretary  of  State  as  desired. 

Mr.  Fulton.  When  he  has  been  associating  with  you  intellectuals, 
maybe  you — plural — intellectuals,  thei'e  have  been  no  quotes  from  the 
Vice  President. 

Mr.  Anders.  He  made  a  etnnment  in  one  of  his  speeches,  talking 
about  the  problems  afflicting  our  country,  addressing  himself  to  the 
sort  of  que^ion  Mr.  Hechler  asked,  about  how  can  we  ^  to  the  moon 
and  not  solve — think  he  made  some  ccunment  that  said  what  we  need 
to  do  is  transfer  some  of  the  spirit  of  the  space  program  to  other  pro¬ 
grams.  I  know  he  is  interested  m  space  and  in  aeronautics. 

Mr.  Hechler.  Getting  back  to  the  ^estion  of  tbe  m^bership  of 
the  Council  which  was  raised  Mr.  Fulton,  I  noticed  on  pa^  4  of 
your  prepared  statement  that  you  comment  on  the  fact  that  tne  De¬ 
partment  of  Transportation,  although  not  a  statutory  member  of  the 
Council,  has  been  invited  to  participate  in  all  Council  meetings  when 
aeronautics  has  been  the  subject  of  discussion. 

It  would  seem  to  me  because  of  the  great  impiMtance  and  the  central 
role  of  the  Department  of  Transportation,  that  Congress  should  make 
the  Department  of  Transportation  a  statutory  member  of  the  Council. 
I  simply  make  that  as  an  observation  rather  than  an  assertion,  and  I 
would  be  pleased  to  get  your  reaction. 

Mr.  Fulton.  I  agree  with  that,  toa 

Mr.  Am)^.  Quite  possible,  Jifr.  Hechler,  I  am  not  yet  at  the  stage 
of  my  learning  process  in  Washington  where  I  can  form  an  opinion — 
I  am  not  yet  ramiliar  with  the  problems  and  advantages  involved. 

Mr.  I^IiLLER.  Could  I  make  a  suggestion  to  the  subcommittee  chair¬ 
man? 

Mr.  Hechler.  Yes. 

Mr.  Miller.  If  in  the  report  of  this  committee  to  the  full  commit¬ 
tee,  you  should  suggest  this,  I  am  certain  that  the  full  committee 
woufcl  also  suggest  it,  and  it  would  be  a  very  simple  matter  to  render 
a  bill  to  accomj^ish  this.  The  Department  of  Transportation  should  be 
in  here;  It  came  into  being  later,  so  Uere  is  one  item  you  might  put  into 
your  lepprt  if  you  saw  fit.  I  am  not  going  to  ask  you  to  do  it— George 
is  sliaking  his  ^lead. 

Off  the  record. 
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( Discussion  off  the  record. ) 

Mr.  Micxkr.  Back  on  the  record. 

Mr.  Hcculer.  Mr.  Fulton, 

Mr.  Fulton.  May  I  have  one  point  ?  May  I  make  (me  comment  on 
the  statutory  language'!  Is  the  language  applicable  at  the  presMit  time 
when  it  more  or  leas  says  to  the  National  Aeronautics  and  Space  C!oun- 
cil  that  you  are  to  actually  come  up  with  the  programs — sort  of  a  supw 
departmental  programing  agency  between  the  departments  and  the 
President? 

Is  that  language  accurate  at  this  time,  according  to  what  you  say  in 
your  statement? 

Mr.  Anoers.  Mr.  Congressman,  I  am  not  a  lawyer  and  hesitate  to 
try  to  iute^^rret  exactly  what  this  w’ording  implies.  It  could  imply  that 
or  it  could  imply  something  else. 

I  think  that  the  limitations  of  the  Council  staff  would  preclude 
doing  NASA  and  DOD  and  the  principal's  plannii^  jobs  for  them. 

I  think,  we,  as  the  staff,  advising  and  supporting  Ckruncil  members, 
have  to  insure,  are  obligated  to  insure,  that  such  planning  activities 
are  in  progress  in  the  various  agencies  which  are  members,  and  also 
in  the  nonmember  agencies  with  respect  to  those  who  are  interested  in 
space  and  aeronautics.  We  must  try  to  be  helpful  in  pointing  out  where 
possible  gaps  in  plans  and  policies  exist  . 

I  ^^ew  our  job  in  reading  the  letter  of  the  law,  then  trying  to  assimi¬ 
late  it  to  try  to  determine  what  I  am  supposed  to  do — I  view  my  job 
as  looking  at  sp^  and  aeronautics  through  the  President’s  eye«.  to 
try  to  see  what  view  he  would  take  of  the  various  problems  and  plans 
and  policies,  and  therefore  try  to  be  in  a  better  position  to  have  my 
staff  develop  the  policy  problems  and  planning  areas  yon  are  sug- 
gestingfor  action. 

Mr.  Fulton.  Then  how  would  you  fit  in  with  the  President’s  science 
adviser  in  his  staff  ? 

Mr.  Anders.  I  think  the  President’s  science  adviser.  Dr.  DuBridge 
of  the  Office  of  Science  and  Technology,  has  a  similar  responsibility. 
He  looks  at  science — ^this  is  a  S-month  experience  I  am  speaking  from 
now — it  is  my  understandw  he  looks  across  the  broad  spectrum  of 
science  and  technology,  ana  advises  the  President  how  the  Nation 
should  best  proceed  tor  proper  development  of  these  areas. 

In  one  aspect  of  science  and  technology  would  fall  space  and 
aeronautics. 

We  look  at  it  the  other  way,  the  other  dimension,  looking  at  space 
and  aeronautics  in  a  national  way  to  include  those  aspects  of  it  that 
would  fall  into  the  cat^ory  of  s(:ience  and  technology.  But  I  submit 
that  there  is  more  to  space  than  science  and  technology.  It  must  be 
looked  at  in  its  total  context — national  security,  international  ccxjpera- 
tion,  national  spirit,  and  those  kinds  of  things. 

I  would  say  Dr.  DuBridge  and  I  would  form  part  of  the  administra¬ 
tion  team  in  developing  for  the  President  the  best  apace  and  aeronau¬ 
tics  policies  and  best  science  and  tecltnology  for  the  Nation.  We  are 
meeting  this  afternoon  to  discuss  future  space  and  imronautics  plans. 

Mr.  Fulton.  I  had  recommended  th^re  be  a  se(5tmd  astronaut.  As  a 
matter  of  fact,  I  had  a  bill  in  to  intrude  an  astnmant,  a  pr^ical 
working  astronaut,  ak  ifhe  Executive  Secretary  is'nsaally  called,  and 
one  admtional  member  oil  the  Council.  Would  yon  r^nunend  that? 
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Mr.  Miujeb.  Mr.  Chairmim,  Mr.  Fxdton.  1  think  it  is  rather  em- 
barrassiiig  to  ask  this  question  of  the  gentleman.  After  all  he  is  not 
a  Member  of  Ctnuress,  and  he  represents  the  adminirtraticm.  i^fore 
he  oould  answer  that  he  would  have  to  clear  it  with  the  White  House. 

Mr.  Fuveok.  Thank  you.  That  is  all. 

Mr.  HuQHTiUn.  M^  I  comment  <m  seme  of  the  very  significant  state¬ 
ments  you  have  made  in  your  prepared  testimony  concerning  the  need 
for  a  national  aviation  policy  f 

Starting  on  page  2,  m  the  middle  of  the  page,  you  state: 

The  BOlatien  at  these  simcUIc  prablenta  hopetnlly  will  lead  to  a  more  clearly 
defined  national  aviation  iwUcy  wU<di  will  help  establish  national  aviation  goals. 

And  then  again  at  the  bottom  of  page  3  and  top  of  page  4,  you  say : 

'What  I  would  like  to  see  In  the  future  la  effective  planning  and  policy  on  a  na¬ 
tional  baaia 

And  the  beginning  of  the  paragraph  in  the  middle  of  page  4 : 

The  develtwaent  at  an  ^active  aattonal  policy  for  aeronautics  requites  the 
active  co<aientton  and  participation  of  all  concerned  organizationg. 

I  would  like  to  focus  the  searchlight  on  those  statements  because  I 
think  those  statements  are  highly  significant  and  underline  the  need 
for  the  enunciation  of  a  national  policy. 

The  more  ^at  we  ^t  into  this  subject,  piecemeal,  in  Congreffi,  the 
^re  we  begin  to  understand  the  necessity  for  looking  at  this  picture 
in  broader  perspective.  And  if  we  are  to  apply  the  lessons  of  tne  suc¬ 
cessful  trip  to  the  moon  to  the  problems  here  on  earth,  as  you  sug¬ 
gested,  we  can  use  that  example  %  focusing  attention  on  the  develop¬ 
ment  of  a  natiMud  j^liw  for  aeronautics,  which  clearly,  of  course,  is 
the  funcUoB,of  the  Chief  Executive,  as  you  so  well  put  lorth  here.  But 
I  would  just  like  to  commend  you  for  bringing  this  whole  problem  into 
focus,  and  see  i|<j<m  have  any  other  observation  to  make  on  the  need 
for  a  national  aviation  policy. 

Mr.  AmMss.  My  femings  at  this  time  are  very  preliminary,  Mr. 
Chairman.  But  it  occurs  to  me  as  a  military  pilot,  test  pilot,  private 
pilot^  what-have-you,  that  you  just  can’t  look  at  any  one  section  of 
uepie  and  ti^  to  deme  the  whole  pie. 

as  this  subcommittee  must  sometimes  at  least  be  aware  of 
activities  falling  under  the  purview  of  other  subcommittees  it  is  my 
view  you  can’t  address  yours^  to  the  aviation  problem  today  without 
ling  all  the  way  from  aerodynamic  basic  research  to  oagga^- 

%at  New  xork  Airport  I  think  each  has  its  effect  upon 
Is  is  a  pretty  big  problem,  and  I  think  it  will  take  a  lot  of 
wwk  by  a  lot  ox  people.  But  it  is  one  that  we  hope  to  at  least  look 
at  and  trj  to  save  attention  to  in  order  to  develop  guidance  to  help 
and  assist  the  Ibresident  as  he  may  request  in  these  areas. 

Mr.  Heohueb.  1  hope  one  of  tne  things,  Mr.  Chairman,  that  will 
come  out  of  these  heuongs  and  in  the  reppi^  this  subcommittee  writes 
will  be  ihe  development  of  a  national  aviation  policy  and  the  recom- 
mendfirtions  that  such  a  policy  be  enunciated. 

Mr.  Pdly. 

Mr.  Phx<t.  Thank  you,  Mr.  CSiaixman. 

Cbkmel,  first  of  all,.!  woidd  li)^  to  say  I  think  for  your  first 
espwienee  ol’being  before  a  congressional  oonunittee  you  have  done 
nu^ty  well.  Mom  piobaMy  for.  the  reasqu  that  you  forthrightly 
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indicated  your  lack  of  bMng  on  tiie  job  Tory  l<>i>g>  you  di&’t 
stick  your  neck  out  *t  any  p<Hnt  that  I  could  see.  I  think  you  probably 
didn’t  emphasize  in  your  statement  somethinf  that  maybe  you  realim, 
and  that  ^  there  is  a  tremendous  amount  (n  public  mterest  now  in 
your  particular  reepmisibility. 

The  University  of  Washington  is  in  my  district,  and  recently  I 
read  studeoitB  there  were  actoally  more  interested  in  environment 
than  were  in  the  Vietnam  War,  if  they  could  be  more  concerned 
about  anything. 

But  it  seems  to  me  with  your  noise  abatement  that  you  mentioned 
and  pollution  and  the  other  problems  of  air,  yon  h^  certainly  touched 
a  spot  that  indicatce  the  importance  of  your  assignment  and  signifi¬ 
cance  of  your  assignment. 

Before  you  started  yonr  testimony  1  referred  back  to  the  previous 
hearing.  It  was  indicated  that,  if  10  or  15  years  before  we  had  done 
the  research,  we  wouldn’t  have  many  of  the  problems  we  have  today. 
I  was  thinl^g,  when  you  were  talking  about  flight  control,  and 
other  matters,  that  in  the  previous  testimony  before  our  subcom¬ 
mittee  I  think  tiw  statement  was  made,  wasn’t  it,  Mr.  Hechler,  there 
isn’t  an  airport  ir  the  country  today  that  you  can  take  two  747’s  at 
the  same  tune.  Or  maybe  it  is  more  than  two  747’s  because  of  the 
baggage  congestion.  I  rememb«*  being  told  more  people  meet  an 
ai^ane  actually  than  get  off  of  it. 

So  now  today  the  747  has  come  into  being.  The  first  one  is  in  process 
of  being:  delivered  to  Pan  American  now.  I  wonder  how  many  air¬ 
ports  t^ay  are  prepared  to  take  care  of  the  747.  Thete  are  10  of  them 
sitt^  out  there  on  the  field  in  Benton,  Wash.,  waiting  to  get  their 
endues,  and  then  they  are  going  to  be  delivetea.  We  are  way  behind 
in  our  research  work  on  the  various  airports  in  the  oountiy. 

This  is  where  I  hope  you  are  going  to  be  reporting  to  the  President 
and  giving  greater  emphasis  to  research.  The  747  as  a  result  of  research 
is  n<%  as  noisy  as  the  707.  It  goes  right  over  my  house  out  near  Seattle 
practically  eve^  day.  It  isnx  noisy  as  far  as  1  can  tell  at  all.  I  don’t 
believe  there  will  be  any  problem  with  noise. 

The  House  has  made  a  momentous  decision  that  we  are  going  ahead 
with  the  SST.  There  again  that  is  going  to  fly  over  water.  You  have 
to  be  thinking  in  terms  of  research  to  take  care  of  it  in  the  1980’s;  it 
is  the  plane  ofthe  1980’s. 

I  want  to  say  I  think  your  appearance  here  has  been  to  me  very 
encouraging  and  tremendoudy  significant  because  of  the  fact  of  yonr 
background  and  experience.  Witb  your  experience  you  can  meet  many 
of  the  research  needs  now  and  not  nave  th^  delayed  for  10  or  15  years 
more  getting  people  to  and  from  aiiports,  and  all  the  problems  that 
you  are  going  to  be  conversant  with  in  the  ears  and  eyes  of  the  Presi- 
aent.  I  welcome  you  here  today.  I  look  forward  to  your  future 
appearances. 

Mr.  Anders.  Thank  you. 

Mr.  Hechler.  Thank  you,  Mr.  Felly. 

Mr.  Brown.  Could  I  ask  a  question? 

Mr.  Hechler.  Mr.  Brown. 

Mr.  Brown.  Mr.  Anders,  in  this  area  of  coordinatiim  research,  and 
identifyhig  the  gaps  and  so  forth,  it  seems  to  me  you  Have  a  problmn 
in  certain  areas  as  a  result  of  classification  situations,  and  I  want  to 
ask  this  particular  question. 
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With  regard  to  safety  in  aircraft,  we  badly  need  some  research  and 
development  that  will  identify  possible  collisions  and  possible  crashes 
and  that  sort  of  thing.  We  seem  to  have  some  marvelous  developments 
in  radar  and  radar  control  of  aircraft,  such  as  in  the  F-111,  and 
things  like  the  descent  radar  on  the  landing  craft  on  the  moon. 

Is  there  likely  tn  Iw  a  problem  as  far  as  your  coordination  of  re¬ 
search,  in  that  certain  types  of  data  which  might  be  availaUe  are 
classified,  and  there  is  an  madequato  ability  to  ^  the  applioaticm  of 
this  to  civilian  uses,  such  as  aircraft  safety  ? 

Mr.  Andirs.  In  the  developmoit  of  my  staff,  Congressman,  I  have 
military  people  detailed  to  me  at  this  tune,  people  who  have  back¬ 
grounds  in  the  are^  that  you  are  talking  about,  in  the  areas  that  are 
111  some  cases  classified,  and  many  cases  not  clarified.  I  hope  to  get 
more  experts,  becausei  though  we  can  sit  here  today  and  discuss  our 
interest  m  aviation,  it  still  takes  people  to  be  able  to  do  a  decent  iol). 

It  would  be  my  hope  that  the  military  cognizant  people  would  be 
able  to  transfer  to  those  looking  at  the  civilian  side  of  the  house, 
expertise  and  information  on  R.  &  D.  available  that  may  be  classified 
and  not  generally  available,  and  to  assist  in  either  the  declassification 
of  this  information,  to  nwike  it  available  to  the  general  public,  or  to 
bring  those  members  of  the  general  public,  the  industry  teams,  into 
the  dassification  levels  that  are  required  to  make  them  aware  of  this 
area. 

In  regard  to  your  comment  on  safety  and  collision  avoidance :  Cer- 
tainly  the  lunar  program  has  been  very  instrumental  in  developing 
miniaturized  and  highly  reliable  electronics  components  and  orga¬ 
nizations  like  the  NASA  Electronics  Research  Center  in  Boston,  could 
be  and  have  been  helpful  in  spin-off  into  avionics  for  aircraft,  and  gen¬ 
eral  ai-iation  field. 

We  hope  to  be  able  to  be  a  catalyst  in  assuring  that  this  kind  of 
thing  not  only  continues  but  accelerates. 

Mr.  Brown.  Well,  I  mentioned  these  specific  examjiles  merely  in¬ 
dicating  apparently  we  have  developed  highly  sopliisticated  devices 
for  guiding  vehicles  based  upon  proximity,  the  F-111,  and  the  Umar 
landing  craft  are  both  examples  of  this  sort  of  thing. 

It  would  seem  to  me  to  be  a  disaster,  if  for  reasons  of  classi¬ 
fication,  technological  know-how  is  not  translated  into  solving  the 
problem  of  aircraft  above  airports,  for  example.  Or  in  the  case  of 
aircraft,  we  have  had  two  incidents  in  apparently  a  very  short  period 
of  time,  where  they  collided  with  some  mountains  close  to  an  airport. 

I  would  like  to  be  assured,  and  I  recognize  j'ou  are  not  in  a  posi¬ 
tion  at  this  point  to  give  me  any  assurances,  but  I  would  like  to  feel 
personally  assured,  and  I  think  the  Congress  would,  that  the  knowl¬ 
edge  that  we  have  in  one  pocket  is  not  going  to  be  kept  secret  for 
the  solution  of  problems  that  may  occur  in  another  area. 

I  would  hope  there  is  a  mechanism  through  whicJi  yon  can  lian- 
dle  this,  through  the  Council,  more  adequately. 

Mr.  Anders.  Yes,  I  would  say  that  is  definitely  one  of  the  respon¬ 
sibilities  of  the  Council  and  the  staff. 

I  would  venture  to  say,  even  though  I  haven’t  l)een  onboard  very 
long,  that  the  main  pnmem  facing  us  in  the  solution  of  aeronautical 
or  aviation  questions  of  this  Nation  is  not  one  of  classification,  but 
one  of  economics. 
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Mr.  Bkown.  In  other  words,  we  could  have  a  very  good  system 
for  guiding  the  F-111,  but  it  would  be  too  exjwnsive  to  guide  a  civil¬ 
ian  aircraft,  is  that  tlie  tJieory  ? 

Mr.  ANDEfts.  Yes.  Certain  satellite  systems  are  under  study  at  this 
time  by  NASA  and  other  agencies,  which  could  enhance  the  uc- 
curacj  of  traffic  control.  But  I  am  not  convinced  at  this  moment 
tljat  IS  tlie  real  problem.  It  may  well  be  a  procedural  problem  of  traf¬ 
fic  control.  I  don’t  tliink  you  can  look  at  any  one  thing  as  being  a 
panacea  to  the  ills  that  face  us.  Quite  poasibly  we  are  going  to  have 
to  stop  taking  aspirin,  or  more  pills,  and  look  at  this  from  a  new 
antibiotic  point  of  view. 

Ml*.  Brown.  Just  ijersonally  I  would  hate  to  think  we  had  reaclu  d 
the  point  where  we  could  develop  something  tliat  was  not  too  ex|)en- 
sive  for  military  use  but  was  too  expensive  for  civilian  use,  some- 
tliing  in  that  situation  bothers  me  a  good  deal. 

With  regard  to  coordination  of  policy  as  between  military  and 
civilian  space  programs,  have  you  haJ  an  opportunity  to  ^  in¬ 
volved  in  this  to  any  degree — the  fact  the  DOD  has  roughly  a 
billion  a  year  military  space  program  as  compared  with  the  NASA 
program?  Is  there  a  need  to  more  adequately  coordinate  tliese  two 
ty^  of  pro^ams  ? 

Fresumamy,  this  committee  would  have  some  cognizance  of  that 
problem,  but  as  a  member  of  the  committee  I  confess  to  having  laid 
a  great  deal  of  difficulty  in  finding  out  information  about  tlie  militarv 
space  program.  I  would  hope  that  there  is  some  agency  which  woulil 
carry  on  some  role  of  coordination  as  between  these  two. 

Mr.  Anders.  Mr.  Brown,  as  y’ou  know,  the  President’s  Sjiace  I'asl: 
Group  mot  last  winter,  spring,  and  summe  ,  and  addressed  itself 
to  what  our  Nation’s  future  should  be  in  space,  and  has  recommended 
several  options  to  the  President  which  he  is  studying  at  this  time.  This 
report  was  submitted  before  I  took  office  but  I  am  somewhat  familiar 
with  it,  I  can  assure  you  great  consideration  was  given  to  Ixith  the 
Department  of  Defense  and  the  NASA  space  programs  to  attempt  as 
far  as  possible  to  make  them  complementary,  rather  than  competitiw 
programs. 

I  don’t  think  that  more  adequate,  as  you  put  it,  coordination  is  re¬ 
quired.  I  think  we  must  have  a  continuing  coordination  Iwtween  tlie-^ 
two  great  agencies.  There  are  organizations  to  do  that.  There  is  a 
group  called  the  AACB,  which  stands  for  Aeionautics  and  Astro¬ 
nautics  Coordinating  Board,  established  by  the  Department  of  Defense 
and  NASA  which  meets  on  about  a  monthly  basis  to  address  itself 
to  these  kinds  of  problems. 

We  in  the  Council,  and  staff,  have  the  responsibility  to  assure  this 
coordination  between  agencies.  You  can  be  sure  that  I  and  my  staff 
will  maintain  a  visibility  across  the  board  in  the  various  militarv  and 
civilian  space  programs,  and  in  aeronautics  programs,  to  tiy  to  assist 
in  this  difficult  job  of  coordination. 

Mr.  Brown.  I  would  like  to  explore  this  furtlier  with  you  next  year 
possibly  and  see  how  much  opportunity  you  had  to  get  a  feel  for  tlie 
success  or  the  ongoing  correlative  of  tnis  coordination  as  far  as  your 
o\m  agency  is  concerned.  I  have  a  feeling  for  a  number  of  reasons 
there,  may  be  a  little  d^colty  in  providing  the  coordinating  fuiic- 
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tion  at  the  congressional  level.  I  would  like  to  be  reassured  somewhere 
it  is  going  (m. 

Hscbier.  You  mentioned  the  Space  Task  Group.  I  don’t  think 
it  is  revealing  any  State  secrets  to  indicate  several  members  of  the 
oominittee  had  an  opportunity  to  present  our  suggestions  to  the  Vice 
President  prior  to  tne  convening  of  the  Space  Task  Group.  This  was 
before  they  began  their  analysis  or  began  to  prepare  any  report. 

At  this  meeting  I  stressed  very  strongly  my  own  personal  feeling 
that  the  area  of  aeronautics  should  be  treats  by  the  Space  Task  Group 
as  part  of  its  function.  The  Vice  President  erpr^sed  his  inter^t 
at  tne  time. 

I  was  ^ite  f  nmkly  disappointed  that  the  Space  Task  Group  in  its 
report  did  not  direct  its  attention  to  the  area  of  aeronautics  and  its 
relation  to  space. 

I  wouldn’t  want  to  ask  you  to  comment  on  that  omission,  but  I  would 
like  to  ask  you  this  question :  Wouldn^  it  be  advisable  to  have  an  aero¬ 
nautics  task  group  that  could  do  the  same  job  for  aeronautics  that  the 
Space  Task  Group  does  for  space? 

_  Mr.  Awders.  Quite  possibly,  Congressman.  At  least  it  needs  atten¬ 
tion,  in  my  view.  At  the  risk  of  disappointing  Mr.  Pdly,  and  stick¬ 
ing  my  neck  out,  I  would  like  to  say  that  the  Space  Task  Group  had 
the  narrow  charter  of  looking — by  ‘‘narrow”  I  use  that  in  quotes — of 
looking  at  our  country’s  future  space  program. 

It  convened  experts  in  the  area  of  space.  Possibly  their  charter 
should  have  been  expanded  to  include  the  area  of  aeronautics,  but  had 
it  been,  another  group  of  people,  I  think,  would  have  also  been 
required. 

It  is  quite  possible  by  making  the  job  so  big  to  include  both  space 
and  aeronautics  that  they  would  not  have  gotten  the  original  part  of 
the  job,  the  space  job,  done. 

Hopefully  in  the  future  the  information  from  that  kind  of  an  activity 
will  be  developed — ^an  aeronautics  task  group  tvpe  activitv  such  as  vou 
mentioned. 

Mr.  Peixt.  Mr.  Chairman,  will  you  yield  ? 

Mr.  Hechixr.  Yes. 

Mr.  Pellt.  Wasn’t  it  at  that  time  we  had  to  set  it  in  the  direction 
that  we  were  going  as  far  as  space  exploration  is  concerned  ? 

Mr.  Awders.  Yes. 

Mr.  PraxY.  Therefore,  there  was  an  urgency  that  probably  dominated 
that  particular  report  ? 

Mr.  Andebs.  Yes. 

Mr.  Phxt.  But  I  agree  with  Mr.  Hechler  we  must  grt  more  emphasis, 
and  hopefully  it  will  come  from  the  Aeronautics  and  Space  Council. 

Mr.  Anders.  Yes.  I  am  agreei^  with  you  on  that  point,  sir. 

Mr.  IbcHEER.  I  would  just  life  to  make  this  observation.  I  think 
it  is  unfortunate,  however,  that  the  problem  is  getting  bifurcated. 
It  is  all  very  well  to  have  an  aeronautics  ta^  group  or  have  the  Aero¬ 
nautics  and  Space  Council  do  something  on  this  subject.  I  feel  though 
it  is  unfortunate  when  we  have  a  National  Aeronatuics  and  Space  Ad¬ 
ministration,  National  Aeronautics  and  Space  Council,  all  woiWng 
under  the  au^ority  of  the  National  Sjpace  Act,  whv  We  have  to  divide 
the  two  because  there  is  a  relationship.  Aeronautics  ^ould  be  given 
equal  status  instead  of  pushing  it  aside  and  brushing  it  under  the  rug. 
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Something  that  has  not  been  mentioned  today  although  you  alluded 
to  it  in  your  remark  about  the  tremendous  public  interest.  I  think  the 
space  pn^axa  vill  get  additioiud  public  sui^rt  by  emphads  on  these 
areas  like  aeronautics,  where  we  can  see  the  results,  and  where  they 
have  definite  contribuwn,  not  only  to  the  civilian  ecmuany,  but  to  solv¬ 
ing  the  mundane  problems  that  we  are  confronted  with. 

Mr.  PaUiT.  If  I  might  ask  you  to  yield  a  little  further.  I  think 
maybe  those  of  us  who  feel  as  you  have  stated  probably  should  actively 
elidt  more  emjphasis,  and  possibly  have  another  meeting  with  the  Vice 
President  on  that  ve^  subject 

I  would  certainly  j  oin  with  you  in  that  effort. 

Mr.  Hbchlsb.  I  appreciate  that. 

I  would  like  to  ask  one  further  question  now  on  the  statement  you 
made  on  page  6,  the  top  full  ^ra^aph  on  page  6,  where  you  make 
reference  to  the  joint  NASA-I)OT  studies,  and  the  last  sentence  of 
that  paragraph  you  say,  “We  are  following  doeely  the  development 
of  this  study” — ^mwely  to  give  us  an  indicatiim  of  just  what  the  role 
is  in  a  study  like  this,  I  wonder  if  you  would  elaborate  a  little  bit  on 
what  you  specifically  mean  by  following  domly  the  development  of 
this  study,  and  what  is  the  precise  rdationship  of  the  Council  to  this 
study.  What  kind  of  leadersnip  do  you  give  to  it,  and  can  you  give  to 
this  type  of  studyj 

Mr.  Anders.  With  your  permission,  sir,  could  I  ask  Mr.  Enders  to 
answer  that  question?  He  has  been  involved  directly  in  this  area. 

Mr.  Hechuer.  Yes.  Mr.  Enders. 

Mr.  Enders.  Thank  you,  Mr.  Chairman.  You  asked  for  a  precise 
definition  of  the  role  which  the  Council  and  the  staff  would  play 
here. 

I  think  it  is  quite  difficult  to  define  the  role  at  tliis  time  with  preci¬ 
sion,  except  to  refer  to  the  charge  givmi  in  the  Senate  committee's 
recommendation.  Both  the  effort  itself  and  our  relationship  with  it 
are  still  in  the  developmental  stage. 

By  following  the  development  of  the  study  effort  very  closely,  as 
we  are  doing  right  now,  we  can  hopefully  help  to  reduce  the  time 
which  it  would  otherwise  take  for  the  recommendations  resulting  from 
this  study  to  be  mven  consideration,  thus  accelerating  the  realization 
of  potential  benefits  to  the  research  and  development  fanning  proce^. 

I  think  our  staff  can  perform  a  service  by  identifying  those  partic¬ 
ular  developing  ideas,  as  the  study  goes  along,  which  might  be  suitable 
for  implementation  by  the  appropriate  agencies. 

This  is  the  relationship  that  the  Council  staff  sees  right  now  to  the 
joint  study  effort. 

Mr.  Anders.  I  would  like  to  add,  Mr.  Enders  has  been  invited  to  be 
an  observer  at  the  deliberations  of  this  group,  and  has  been  meeting 
with  Mr.  Greene  and  his  associates  since  he  has  been  with  the  Council 
staff. 

Mr.  Hbchder.  If  you  do  observe  a  vacuum  in  a  particular  area  they 
are  addressing  themselves  to,  is  this  the  kind  of  action  the  Council 
could  appropriatedy  take  to  make  sure  that  vacuum  is  filled? 

Mr.  A^ers.  Yes.  It  is  my  view  Mr.  Greene  and  his  group  are  ex¬ 
tremely  well  qualified  to  address  themselves  to  the  charter  that  has 
been  given  th^;  the  involvement  of  the  Government  in  aeronautical 
B.&.D. 
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This  is  a  large  piece  of  this  pie  I  was  referring  to,  and  as  we  become 
smarter  and  look  at  the  total  aeronautics  picture,  we,  as  a  staff,  would 
expect,  if  we  find  vacuums  or  other  pieces  of  the  pie  that  aren’t  being 
addres^,  we  should  try  to  stimulate  activity  in  those  areas. 

So,  when  all  is  said  and  done,  we  don't  have  a  bunch  of  pieces  of 
a  pie  or  puzzle  that  all  overlap,  but  actually  fit  together.  Quite  pos¬ 
sibly  we  could  thMi  be  in  position  to  assist  with  the  determination  of 
a  national  aeronautics  policy. 

Mr.  Hechler.  Mr.  Pelly  or  Mr.  Brown,  do  you  have  any  further 
questions? 

Mr.  Pellt.  No  further  questions. 

Mr.  Hechler.  Any  questions,  Mr.  Boone  ? 

Mr.  Boone.  No  questions,  Mr.  Chairman. 

Mr.  Heoheer.  If  there  are  no  further  questions,  gentlemen,  thank 
you,  Mr.  Anders,  and  your  associates  for  coming  before  the  committee. 

This  has  been  extremely  helpful  testimony  which  will  assist  in  the 
focusing  attention  on  the  need  for  additional  activity  in  aeronautics. 

We  want  to  encourage  you  in  your  job  and  indicate  the  committee, 
stands  behind  you  and  hope  you  will  call  on  the  committee  for  any  as¬ 
sistance  you  may  need  in  the  future.  We  hope  we  may  help  you  in 
your  efforts  to  place  additional  emphasis  in  this  most  important  area. 

Mr.  Anders.  Thank  you,  sir.  I  look  forward  to  working  with  you 
and  your  colleagfues. 

Mr.  HacHUER  If  there  are  no  further  comments,  the  committee 
stands  adjourned  until  10  a.m.  tomorrow. 

( Whereupon,  at  11 :17  a.m..  the  Committee  adjourned,  to  reconvene 
at  10  a.m.,  on  T  aesday,  December  2, 1969.) 
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TUESDAY,  DECEHBEB  2,  1969 

HotTSE  OP  Rephesentattves, 

Committee  on  Science  and  Asthon Aimes, 

SCBCOMMIITEE  ON  ADVANCED  ReSEAKCH  ANI^ECHNOLOGY  ^ 

Washington,  D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  at  ,10 :04  a.m.,  m 
room  2325,  Rayburn  House  Office  Building,  Hon.  Ken  Hechler  (chair¬ 
man  of  the  subcommittee)  presiding. 

Mr.  Hechder.  We  are  pleased  to  welcome  for  the  second  dav  of  these 
hearings  on  aeronautical  research,  the  Honorable  James  M.  Beggs, 

Undt  Secretarj',  Department  of  Transportation 

Secretary  Beggs  is  one  of  the  many  alumni  of  the  National  Aero¬ 
nautics  and  Space  Administration,  and  he  ms  testified  befoie  the 
committee  on  other  subjects  in  the  pa  t,  and  we  certainly  welcome 
you,  Mr.  Secretary,  this  morning. 

STATEMEHT  OF  TAMES  M.  BEQ«S,  THIRBR  SECRETARY, 
DEPARTMEFT  OF  TRAFSPORTATIOir 


Secretary  Bfxws.  Thank  you,  Mr.  Chairman.  ,  .  ,  u , 

It  is  my  pleasure  to  be  with  you  again  this  monnng  and  to  be  aWe 
to  discuss  this  important  area  of  aeronautics,  in  which,  of  cours^  the 
Department  of  Transportation  has  a  vital  and  continuing  interest. 

First,  I  would  like  to  discuss  the  question  of  the  appropriate  rwe 
of  the  Federal  R.  &  D.  programs  in  the  field  of  aeronautics  and  the 
problem  of  leadership  in  this  R.  &  D.  which  have  been  raised  so  often 
in  the  past.  I  think  I  have  some  appreciation  for  this  matter,  having 
served  with  NASA,  as  you  g^tlemen  know,  prior  to  assuming  the 

duties  of  my  present  ^josition.  ,  ,  .  ,  v-  <  „ 

Our  principal  effort  in  this  area  centers  around  the  formummn  (d  a 
DOT/NASA  joint  study  of  civil  aviation  R.  &  D.  policy.  DOT  has 
the  responsibility  for  coordinating  tliis  effort.  In  addition  to  DU  I  and 
NASA  personnel,  we  expect  to  have  representation  in  the  conduct  ot 
the  study  by  DOD  and  the  aviation  industry. 

This  IS  a  suh-stantive  expansion  of  the  study  we  discussed  with  you 
in  September  of  1968.  The  otudy  effort  lieen  gretdly  rapanded  in 
keeping  with  the  scope  of  tlie  question  it  addresses.  Dr.  Baine  ana  l 
have  confirmed  our  respective  agency  participation  ahd  our  pereonnel 
have  outlined  a  preliminary  study  plan,  initiated  a  contract  studv^ 
historic  benefits  derived  from  Federal  R.  &  D.,  and  have  had  our  first 

advisory  committee  and  working  group  sessions.  ,  u  t 

We  anticipate  that  the  conduct  of  the  joint  study  should  prove  ot 
great  value  in  establishing  much  more  precisely  than  iii  the  past  wliat 

(23) 


24 


the  government  level  of  effort  should  be  in  aeronautica]  R.  &  D.  and 
where  the  emphasis  should  be  placed. 

In  this  study  effort,  as  in  the  past,  we  continue  to  enjoy  a  good 
working  relationship  with  NASA.  As  you  know,  we  have  had  for 
some  tune  formal  agreements  with  NASA  regarding  the  coordina¬ 
tion  of  E.  &  D.^ivwva^  iaaid  t^ohhic^'shp^  for  our  programs 
such  as  the  SST  and  tracked  air  cu^ion  vehicle  development.  Co¬ 
ordination  on  an  informal  basis  between  representatives  of  the  two 
agencies  has  always  teen  preyolent,  and  has  ^n  the  real  strength 
behind  the  formal  agreements. 

We  are  partoiulwly  {deased*  that  this  year  for  the  first  time  a 
working  arrangement  nas  been  achieved  between  DOT  and  NASA  for 
reviewing  each  other’s  preliminary  budg^  as  they  pertain  to  aero¬ 
nautical  A.  &  D.  A  primaiy  objective  of  this  action  has  been  to  assure 
that,  prior  to  codification  in  the  President’s  budget,  programs  in  ci\dl 
aviation  E.  &  D.  are  c<Hnplementary,  and  that  these  {uograms  are 
remxMisive  to  needs  we  jointly  identify. 

I  believe  there  has  always  been  an  appreciation  on  the  part  of 
DOT  and  FA  A  for  the  special  capabilities  of  NASA,  and  we  look  for¬ 
ward  to  continued  cooperaticm  with  NASA  in  our  future  relationships. 
We  are  conscious  more  than  ever  of  the  need  to  preserve  those  re¬ 
sources  on  which  we  have  drawn  over  the  years  in  our  safety  and 
regulatory  efforts.  We  feel  it  is  incumbent  upon  both  agencies,*  how¬ 
ever,  to  insure  efficiency  in  the  management  of  aeronautical  E.  &  D. 
in  the  Government,  and  I  believe  in  the  continuing  dialog  between 
the  two  agenmes,  hearings  such  as  this  one,  and  joint  efforts  such  as 
the  policy  study  will  prove  to  be  important  steps  in  achieving  that 
goal.  . 

In  addition,  I  believe  that  the  exchange  of  personnel  both  in  the 
headquarters  offices  and  the  research  pentc^  of  the  two  agencies  would 
promote  the  produ^ivity  of  the  aeronautical  research  of  both  agen¬ 
cies.  We  have  initiated  discussions  along  these  lines,  for  example, 
regardiim  postible  DOT  utilization  of  the  Langley  noise  facility,  if 
NASA  <£termines  that  it  will  be  included  in  the  program. 

We,  as  a  nation,  and  DOT  in  particular,  have  a  number  of  pressing 
problems  facing  us  in  aviation  and  I  want  to  discuss  them  in  the 
context  of  the  overall  Federal  E.  &  D.  effort.  DOT  is  charged  with  the 
responsibility  for  operating  the  airway  system,  administering  the 
Federal-md  airport  program,  and  issuing  regulations  for  the  abate¬ 
ment  of  aircraft  noise. 

We  are  progressing  toward  solutions  in  these  areas,  but  we  need 
the  hdp  of  Congress  and  of  NASA  to  meet  the  demands  of  the  prob¬ 
lems.  We  must  apply  our  resources  jtididipuslj  toward  inunMiate 
solutions  and  toward  efforts  which  will  maintain  a  constant  flow  of 
new  technology  into  the  aeronautical  arena  to  meet  future  problems. 

NASA  is  particularly  well  equipped  to  engage  in  advanced  research 
in  all  aeronautical  areas  and  has  demonstrated  its  acumen  in  several 
^as  of  technological  application.  We  rely  on  them  to  carry  out  the 
invtdoable  fynctions  of  exploring  the  “possible”  in  the  vanous  dis¬ 
ciplines  such  as  aerodynamics,  electronics,  propulsion  technoloirv,  and 
human  factors,  so  that  there  can  follow  a  development  by  NASA, 
DOD,  FAA  or  industry  of  the  “applicable.” 

Much  of  thin  exploratory  research  should  be  conducted  relatively 
free  of  constraints.  However  we  see  the  role  of  DOT  in  this  area  as 
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that  of  establishing  objectives  and  providing  guidance  which  will 
insure  that  the  research  effort  is  applied  in  areas  where  it  is  needed 
nio€*.  Obvioudy,  a  dose  relationsiup  must  be  maiintained  between 
DOT  and  NASA  in  this  endeavor.  " 

The  partition  of  effbrts  between  DOT  and  NASA  is  not  dear  at 
this  tkne,  and  I  do  not  beheve  we  duMild  attempt  to  draw  hard  and 
fast  lines  across  which  the  two  agencies  should  not  vMitnie.  Di  noise 
research,  lor  example,  we  have  an  almost  etnnplete  interiaeing  of 
efforts  horn  basic  ftseardi  through  technology  cimonstrationslead- 
ing  to  FAA' regulations  on  ndse  certiffeaticm. 

In  the  development'of  new  aircraft  tedmology  tor  increased  speed, 
efficiency,  and  the  like,  NASA  is  the  primary  source  of  expeitiss  not 
only  for  DOT  but  for  DOD  as  wdl.  The  support  given  by  NASA  to 
our  SST  jiroject  is  but  one  example  of  many  areas  where  NASA  has 
made  an  invaluable  contribution. 

There  are  num^us  other  areas  where  we  are  rdyihgon  oontinned 
or  expanded  effort  by  NASA.  Some  examples  au»t  OTOL  aircraft 
high-lift  devices,  new  methods  of  obtaining  conlarollabilit^,  better  dis¬ 
plays  in  the  cockpit,  and  direct-life -oontrcn.  Beeearch  in  such  areas  as 
these  would  contribute  a  ^greater  measure  of  sai^y,  dq^dability, 
and  economy  to  civil  aviation. 

Continuecl  and  expanded  noise  re!  -^^rch  is  also  needed  to  support 
the  exercise  by  FAA  of  its  r^^olatory  authorify  in  this  area.  Also, 
general  aviation  aircraft  can  oenelx<  frcan  mcme  resilient  corrosion 
resistant  materials,  and  new  fabricaiitm  processes  and  new  lightwei^t 
materials  can  help  reduce  the  high  costs  in  the  operation  and  m^- 
tenance  of  aircraft. 

In  the  area  of  air  traffic  control  we  look  to  our  own  resources  for 
sy^em  development  and  implementf^on  with  NASA  playing  a  lesser 
role  insofttr  as  near-term  hardware  is  concerned,  bnt  a  key  role  inso¬ 
far  as  longer  term  effcnrts  on  advanced  systems  components  are  con¬ 
cerned. 

It  seems  fair  to  say  that  many  of  the  current  aeronautical  problons 
we  have  stem  from  the  phenommial  growth  of  aviation.  This  growtt 
has  bMn  very  substantial  for  sevend  yuaxs,  and  it  promises  to  cxm- 
tinue  in  like  ftishion  for  mafty  years  to  come. 

Heavy  congestion  in  the  air  and  on  the  airport  is  prevalent  in  the 
vicinity  of  our  largest  population  centers,  and  it  has  beeih  necessary 
to  limit  by  regulation  the  number  of  operations  at  five  of  our  busiert 
airp<Ht8. 

Greater  numbers  of  aircraft  are  entering  the  system.  These  greater 
numbers  and  the  widely  differing  performance  capabilities  of  the 
aircraft  involved  continue  to  intensity  problems  in  the  areas  of  safety, 
noise,  and  congestion. 

improvements  will  be  ne^ed  in  the  sir  traffio  control  and  airport 
syst^  to  provide  the  gremer  capability  essential  to  accommodating 
this  growth  in  aviation.  We  dp  nbt  believe,  however,  that  we  Will  find 
aity  new  major  B.  £  D.  breakthrouglN  or  ifiventions  in  time  to  cope 
with  the  present  air  traffic  contrbl  probtepi. 

We  are  convinced,  ^erefore,  mat  the  essential  need  is  to  get  on 
with  timely  and  Intelligmt  application  of  existing  knowledge  in  the 
development  and  operation  of  tne  sir  traffic  ctmtrol  system. 

WjB  nave  under  review  now  the  findings  Of  the  Air  Traffic  Control 
Advisory  Committee  chaired  by  JfT;  Beh  Alexander,  whidi  under- 
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took  to  tk0  t^iiiretneute  for  an  air  traffic  control  ^stem  ade¬ 
quate  lor  the  lOSQ’a  t>evcmd:.  Tke  Committee  concluded  that  it  will 
1^.  necessary  ’  to  upgrade  tne  semkuitomstic  national  airspace  ^stem 
(NAS)  now  being  designed  to  supplant  the  present  manual  ATC 
awtem  if  ure  a^  to  aocommodateithe  aviation  growth  of  the  1970’s.  It 
also  eoa<dudedl<that  with  a  furUier  ui^ading,  NAS  could  meet  the 
traffic  needs  o£  the  19l8Q’s. 

Jha  Conunktee  Judies  indicated  tliat  it  will  be  possible  to  more 
than  ^uble  the  capacity  of  present  airports  through  the  use  of  more 
precise  techniques  of  instrument  landing,  surveillance,  and  air  traf- 
nn  cGaitt:(d,  Use  of  scanning  beam  microwave  ILS’s  wu  increase 
precisotm  of  positumihg  ii4<xnistion  and  permit  more  efficient  use  of 
existing  runways.; ' 

They  pdsp  contduded  that,  by  adding  computing  modules,  NAS  can 
be  expanded  to  include  spacing,  sequency,  and  conflict  predictitm  and 
resolutinn.  The,  Committee  fu^er  conduded  that  it  will  be  possible 
for  aircraft  t|v  navigate  routes  new  busy  tm*minals  more  precisely  if 
they  utilize  VOR/IMl^E  area  navigators  and  modem  flight  directors 
and  are  monitored  by  upgraded  radar  beacon  systems. 

T^e  Committee  sba^  that  an  upgraded  NAS  eventually  would 
begin  to  exhibit  significant  deficiencies,  and  identified  space  and  com¬ 
puter-technologies  as  offering  the  greatest  potential  in  the  way  of  in¬ 
creased  :^uracy  and  capacity.  They  noted,  however,  that  both  full 
autonu^ion  and  satellite  systems  would  have  to  be  examined  carefully 
for  reiiubility  because  of  the  necessity  that  they  perform  virtually 
without  failure.  The  Committee  recommended  a  research  program  to 
run  parallel  with  the  upgrading  of  the  NAS  and  to  clarify  the  issue-s 
involved  in  designing  and  ^eduling  the  next  generation  system. 

Our  principal  cwieem  with  respect  to  airports  has  been  to  obtain 
legislation  ^xpwdiog  the  existing  Federal-aid  program  for  airport 
deyelopm^t.  The^c  is  a  widespread  need  to  expand  the  capability  of 
existing  airports,  and,  in  some  areas,  we  need  new  airports. 

.  As  you-  know,  the  president  recommended  to  Congress  earlier  this 
year  legi4at|iou, which  would  commit  the  Gk>vemment  to  a  ^.5  bil¬ 
lion  10-;year  airport  pi^cgram.  We  are  pleased  that  the  House  has  passed 
a  bill  similar  in  hiany  respects  to  the  one  proposed  by  the  administra¬ 
tion,  and;  we  ate  hopeful  that  the  legislation  will  receive  early  atten- 
tiuu  by  tbs  Senate.  ;  >  '  . 

tSirniog  to  the  area  pf  aircraft  noise  abatement,  the  Department, 
along  with  NASA,  has  made  process  in  several  areas  of  research,  and 
we  are  hopeful  tha^  NASA  can  place  more  effort  in  a  number  of  areas 
of  technology  to  .increase  the  effectiveness  of  our  noise  regulatory 
p^am.. 

Tliese  include  jet,  propeller,  and  rotor  noise  suppression,  opera- 
tio;^  techpiques  lor  ,  nojse  abatement— -particulany  in  regard  to 
V/STpL|aircre,ftr— fmdponic  boom  generation.  As  yon  know,  we  ai'e 
expanmpg  out:  i^ese^ch  m.noiseiabatement,bnt  we  are  doing  so  under 
the  presumption  that  NA$A  will  be  able  to  continue  its  participation 
at  least  at  its  present  rate.  '^he. 'wmrking  xelationship  between 'DOT 
and  NASA  has  been  pai^icula^ly  close  in  the  noise  field. 

Taken,. whole,  aviation  prepress  in  the  United  States  con¬ 
tinues  to-stay  put  Jnt,  front  off  progress  in  tbe  re^  of  the  world.  Of 
course^^er^  ^.s^qfle  eiteas  iwheie  other  countries  have  gone  ahead 
of  us,,^is;)s  trim  ^ase  the  development  of  a  civil  supersonic 
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transport,  and  it  is  true  with  respect  to  oertadn  STOL  and  V/STOL 
aircraft  d^eldptnenh 

In  some  cases^  fotei|[n  countries  enjoy  the  advantage  of  bein^  able 
to  move  ahead  in  a  given  area  of  research  and  development  without 
feeling  oompeUed,  as  we  do  in  this  country,  to  evaluate  and  justify 
in  a  cost  eii^iveness  sense  each  advance  we  want  to  sttetaipt  in  our 
aviation  technology.  Tim  approach  we  follow  frequently  is  difficult  to 
pursue  because  we  are  evaluwng  the  unknown  and  cannot  always  pre¬ 
dict  where  our  efforts  will  lead,  or  what  bene&ts  we  may  derive  mm 
them. 

Some  foreim  countries,  on  the  other  hand,  sometimes  gain  experi- 
caice  very  quiwy  from  their  prototym  jMograms,  and  it  is  conceivable 
that  a'  lar^  eff^  on  their  p^  could  enable  them,  as  a  group,  to  over¬ 
come  our  lead. 

In  conclusion,  I  believe  we  are  making  definite  pn^ress  in  g^ing 
the  most  out  of  our  combined  &  B.  efforts  in  DOT  and  NASA.  Both 
the  executive  and  legislative  branches  must,  however,  continue  to  work 
to  insure  that  »ich  efforts  continue  in  a  (^perative,  coordinated  way. 

As  far  as  the  air  traffic  control  ^stem  is  concerned,  it  appears  from 
the  conclusioins  drawn  by  the  Aviation  Adrisory  Committee  that  tb.e 
NAS  program  underway  in  FAA  will  provide  a  basis  for  the  develop¬ 
ment  of  an  ATC  system  adequate  to  serve  the  bumeoning  growth  of 
aviation  for  more  than  two  decades.  As  far  as  DOT  R.  &  D.  functions 
are  concerned,  I  believe  we  need  to  expand  our  overall  effort  beyond 
the  scope  of  the  current  basic  FAA  program  to  insure  tliat  proper 
empliasis  is  placed  on  R.  &.  D.  essential  to  solving  aviation  problem# 
outside  the  ATC  system  and  iimuring  that  the  aviation  system  develops 
in  harmony  with  surface  transportation  ^sterns. 

,  Mr.  Chairman,  that  concludes  my  prepared  statement  and  I  will  be 
happy  to  answer  any  questions. 

Mr.  Hbxjeelee.  Thank  you  very  much.  Secretary  Beggs,  for  this 
presentation. 

You  notice  this  morning  we  are  running  an  unbalanced  line  to  the 
left  here. 


Mr.  Wtdler.  I  am  ready  for  the  vote. 

Mr,  Pellt,  Of  course  you’ve  got  to  realize,  My.  Chairman,  tliat  we 
ha  ve  a  research  man  on  our  committee  now,  in  Mr.  Gtoldwater.  He  did 
a  liftle  personal  research  in  running  out  of  fuel  and  ci-acking  up  and 
I  think  he  oouldjprobably  t^ify  here  on  this  very  subject. 

Mr.  Wydler.  Dangers  of  flying? 

Mr.  Heckler.  I  note,  in  the  latter  part  of  your  testimony,; you  state 
with  great  confideno^and  I  hppe  it  is  not  overoptimistic,  that  av  ia¬ 
tion  progress  in  the  tjnited  St^es  continues  to  stay  out  in  front  of 
prog^s  in  the  rest  of  the  world. 

It  js  with  some  apprehension  that  this  cwnmittee  stsp-ts  ili^  liear- 
iiijra,  becap^  we'  are  very  .much  concerned  that  the  future  may -pot  be 
aSoright  as'ybu  ass^thi^re^t^  (.i 

Sec^etaiy  Beggs.  Mr.  Ch'airnfian,  1  did  not  meqn  that  Bta;|eiiii.^t  Jo 
indicate  that  I  ito  hot  have  fi  concern  here.'  I  have  a  gr^t  cc)ncbjPii.rThe 
statement  stands  as  I  put  ft  th'at  t  think  we  ato  stiU  in  therl^wj. , ,  . 

Howet^,  a  nutfab^r  of  countries  hre, closing fhat  lesid  very  rapidly, 
itnd  l  am  Very  iniich  concerned  at  VrHat  I  sec  in  the  air  trarisi>ort  area. 
In  transport  aircraft  we  see  a  number  of  foreign  countries  moving  into 
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th«  mjgrkrt  TBiy  aind  itriAk  ffr^  vig(Mr:  Indeed,  the  Soviet  Union 

is  starting  to  make  moves  througnout  world  to  sw  their  taansport 
aircraft  TO  a^nasritor  of  countrroB)  and  this  is  of  great  cmeern,  and  I 
thiak  iiis  a  worrisame  th^. 

Itmpasti<mlaiiT  wovrisoou  when  it  is  projected  agunst  the  bade- 
grouml  of  the  devdoimaeDt  of  civil  aviation  transpoits  in  this  country, 
where  Hhink  in  some  areas  we  have  rested  on  our  oars  and  have  not 
done  the  research' and  daveloiMnent  that  perhaps  we  sbonld' have  done 
in  wader  to  nwiiratain  oar  lead. 

Mr.  Haomas.  I  am  glad  you  clarified  that,  because  your  statement 
seems  to  me  to  contain  a  note  of  com^acen^  that  di^rbs  me.  And 
I  recall  lad:  year  when  Dr.  Paine^  the  NASA  AchainistratoF,  appeared 
before  this  eomiBittea  the  first  tpustion  1  adred  him  was  “What 
emphasis  is  the  Soviet  Union  placing  on  aeronautics  ?”  and  he  sounded 
the  alaxm  signal  quite  deariy  at  the  tune. 

Would  you  care  to  elaborate  anything  on  that  point  t 

Secretary  BnockB.  Well,  we  do  see  the  Soviet  Union  making  strong 
efforts  to  sdl  their  supersonic  transport,  the  Tupelov  transport,  in  a 
number  of  countries,  and  from  the  point  of  view  of  being  able  to  bar¬ 
ter  with  other  countries,  they  have  some  very  large  advanti^es  in 
sellingthis  airplane. 

For  exampl^  t^y  have  one  of  the  great  undeveloped  air  routes, 
the  route  across  Sibwia,  which  could  be  bargaii^d  in  the  sale  of  air¬ 
craft  We  also  see  them  t^ing  to  make  arrangements  in  Western 
Europe,  most  particularly  in  Italy,  to  sell  some  of  their  snbsonic  jets. 

It  also  appears  that  in  the  area  of  the  development  of  new  trans¬ 
ports  and  improved  transports  thOT  have  a  very  vi^rous  research 
and  development  pregram  going.  Tney  have  several  design  institutes 
devoted  to  the  research  and  development  of  transport  aircraft,  and 
there  is  no  question  but  that  they  are  making  very  rapid  progress. 

Mr.  Hbgbxjs.  I  have  several  other  questions  to  pose,  but  1  would 
like  to  yield  to  other  members  of  the  committee  at  this  point. 

Mr.Rdly. 

Mr.  Pellt.  Mr.  Chairman,  I  am  moved  to  remark  that  I  am  only 
sorry  the  Secretary’s  statement  which  he  just  made  wasn’t  made  be¬ 
fore  the  recent  voU  on  the  American  supersonic  plane.  We  needed  a 
few  statements  like  that  to  impress  some  of  my  reactionary  friends 
who  didn’t  the  priority  of  the  American  SST. 

I  would  like  to  hope  that  possibly  that  same  statement  will  reach 
some  of  the  Members  of  the  lunate  as  they  consider  that  $95  million 
appropristionj  so  as  to  continue  our  research  in  this  field.  And  I  can 
th&k  of  particularly  one  or  two  ovefr  in  the  other  body  that  right 
now  should  be  thinking  in  terms  of  the  Bussian  competition,  which 
is  of  coarse  not  responsive  to  the  economic  factors  that  we  are. 

Mr.  Secretary,  on  7  you  referred  to  the  recently  passed  Fed¬ 
eral  aid  pregram  for  airport  development.  How  many  airaelds  in  the 
country  today  are  set  up  to  take  cfre  of  the  747? 

Secretary  B^soos.  Ww,  tiie  short  answer  to  that  question,  I  think, 
Mr.  Pelly,  is  nonb,  but  I  would  say  that  some  of  them  are  bkter  able 
to  han^e  the  747  wan  others.  Certainly  only  a  relatively  small  minor¬ 
ity  of  civil  airports  ate  in  a  position  to  really  do  justice  with  respect  to 
the  747. 
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Mr.  Peixt.  Will  that  particular  airport  act  aid  these  communities 
in  providing  for  the  latest  developments? 

dietary  Bboos.  It  will  allow  us  to  provide  aid  to  airports  on  a 
much  greater  scale  than  we  do  today. 

But  I  am  afraid  that  bringii^  airport  facilities  up  to  the  level  of 
air  transport  technology  is  going  to  be  a  slow  process,  and  for  a 
while  the  747’s  are  going  to  Mve_  a  very  bad  impact  on  those  airport 
facilities.  XlMre  are  going  to  be  jams  like  we  have  probably  not  seen 
before. 

Mr.  Peixt.  Well,  if  you  bring  in  anywhere  from  three  to  five  hun¬ 
dred  people  into  an  airport,  doesn’t  that  lessen  the  number  of  landings  ? 

Secret«U7  Beqos.  Yes,  sir;  we  anticipate  that  it  will  very  mate¬ 
rially  help  the  problem  of  air  congestion  around  airports  in  that  it 
will  decrease  the  number  of  planes  coming  in. 

Mr.  Peixt.  And  isn’t  it  true  that  the  747  has  benefited  by  the  noise 
alMitement  research  program  and  will  not  have  actually  as  much  noise 
as  the  experimental  747  f 

Secretary  Beoos.  Indeed  it  will.  It  will  be  a  very  quiet  airplane 
indeed. 

Mr.  Peixt.  I  have  done  a  little  research  on  that,  because  the  experi¬ 
mental  747  has  been  flying  over  my  home  in  Seattle  and  I  don’t  find 
it  objectionable  at  all. 

Mr.  Wtdleh.  How  high  is  it? 

Mr.  Peixt.  I  am  sure  my  friend,  Mr.  Wydler,  is  going  to  appreciate 
that  fact  before  too  long.  He  is  the  one  that  was  caDing  for  more 
research  in  noise  abatement,  when  actually  witnesses  before  this 
committee  were  resisting  it. 

Moving  on,  however,  I  want  to  refer,  on  page  8,  when  you  mentioned 
the  foreign  competition.  You  were  talking  about,  and  its  SST.  Isn’t 
it  a  fact  that  what  we  are  talking  about  really  is  a  plane,  a  transport 
plane  for  the  1980’s  ? 

Secretary  Beoos.  Yes,  sir. 

Mr.  Pelet.  And  in  this  connection  we  have  to  do  our  research  work 
now  in  order  to  ascertain  the  needs  in  the  way  of  airports  and  noise 
factors  and  other  beneficial  effects  that  can  come  out  of  research 
before,  we  will  say,  1980  ? 

Secretary  Beoos.  That  is  correct.  Our  supersonic  is,  of  course,  a 
larger  and  faster  machine  than  the  designs  by  either  the  British- 
French  consortium  or  the  Soviets,  and  it  wfll  be  a  much  improved  air¬ 
craft,  we  believe,  in  terms  of  noise.  It  will  be  a  much  less  noisy  machine 
than  either  of  the  cranpetitors. 

Mr.  Pelly.  In  other  words,  it  will  only  fly  at  supersonic  speeds  over 
water? 

Secretary  Bboos.  Well,  as  far  as  the  ^nic  boom  is  concerned,  the 
President  stated  that  it  will  fly  supersonically  only  over  uninhabited 
areas,  water  and  arctic  areas. 

Mr.  Peixt.  But  the  actual  noise  coming  into  a  field  will  be  actually 
less  than  the  other  ? 

Secretary  Bt:hos.  The  noise  pattern  of  this  aircraft  insofar  as  com¬ 
munity  noise  is  concerned,  niay  be  less  than  that  of  the  current 
generation  of  subsonic  aircraft.  The  one  area  in  which  it  will  be  ap¬ 
preciably  noisier  is  sideline  noise,  and  here,  according  to  studies  of  the 
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airfields  that  will  be  used  primarily  by  this  aircraft,  we  do  not  think 
this  will  be  an  objectionable  feature. 

That  is  to  say,  it  will  generate  more  noise  on  the  sideline,  but  less 
noise  over  the  community. 

Mr.  Pelly.  Well,  actually  what  we  are  talking  aboiit,  though,  is  the 
first  generation. 

Secretary  Begos.  Yes,  sir. 

Mr.  Peu.t.  You  expect  improvement  on  the  next  generation  of 
SST’s,  that  tremendous  improvement  will  be  made? 

Secretary  Beoos.  (Xods). 

Mr.  Pelly.  W^en  we  actually  get  into  the  production  of  these  planes 
on  a  regular,  standard  basis,  do  you  expect  a  much  more  satisfactory 
plane  as  far  as  the  noise  and  other  factors  are  concerned  ? 

Secretary  Begos.  Yes,  sir.  We  are  talking  about  an  airplane  that 
will  go  into  production  in  about  the  1975-1976  time  period.  By  that 
time  I  expect  that  mnch  of  the  noise  research  that  is  being  done  both 
by  the  FAA  and  NASA  will  have  given  us  some  material  benefit  in 
tm'ms  of  noise  suppression  technology,  and  possibly  in  basic  low-noise 
engine  designs. 

So  by  1975-1976  I  would  expect  that  there  will  be  technolog^•  avail¬ 
able  that  will  very,  veiy  materially  reduce  the  noise  output  of  su^jer- 
sonic  aircraft,  along  with  all  the  suosonics. 

Mr.  Pelly.  You  don't  mind  if  I  take  excerpts  of  your  statement  to¬ 
day  and  send  to  my  colleagues  here,  so  that  we  haVe  a  better  chance 
of  retaining  our  superior  position  as  far  as  the  manufacture  of  air 
transport  planes,  do  you  i 

Secretary  Beoos.  Not  at  all,  sir.  Iwould  welcome  that. 

Mr.  Pelly.  Thank  you.  It  is  a  very  fine  statement. 

Mr.  Hechler.  Mr.  Wydler. 

Mr.  Wydler.  Thanks,  ilr.  Chairman. 

First,  Mr.  Beggs,  I  want  to  say  I  think  the  Government  is  lucky  to 
have  a  man  such  as  yourself  in  the  position  you  hold,  because  of  your 
background,  and  what  you  know  about  this  whole  problem  from  all  the 
points  of  view  that  are  necessary  to  bring  our  interests  together  here. 

So  I  am  delighted  with  your  appointment. 

Secretary  Beoos.  Thank  you  for  that. 

Mr.  Wydler.  I  want  to  play  the  devil's  advocate  witli  you  for  a  few 
minutes  on  the  question  of  the  SST,  because  I  want  to  give  you - 

Mr.  Pelly.  You  did  that  last  year. 

Mr.  Wydler.  I  want  to  ask  you  the  questions  that  the  people  are  ask¬ 
ing  me  as  their  representative,  and  as  a  person  that  pays  the  bills  for 
them,  whether  they  like  it  or  not. 

They  are  asking  me  some  questions  which  I  find  difficult  to  deal 
with.  Maybe  you  can  give  me  some  answers  I  can’t  think  of.  One  of  the 
questions  they  ask  me  is  what  exactly  does  the  United  States  of  Amer¬ 
ica  get  out  of  the  SST  ? 

Secretary  Begos.  Well,  I  think  we  get  a  number - 

Mr.  Wydler.  We  can  understand  the  inter^ts  of  the  plane  manu¬ 
facturers  and  the  airlines,  of  course,  but  I  think  what  the  people  are 
really  interested  in  is  understanding  what  do  they  and  our  Government 
get  out  of  this  project  ? 

Secretary  Begos.  I  think  it  is  a  very  good  c^uestion,  and  I  think  there 
is  a  very  good  answer  to  it.  We  benefit,  that  is  the  United  States  bene- 
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in  a  number  of  ways.  First  and  I  think  most  important,  although 
this  perh^>8  can’t  be  cmantified  too  weU,  this  is  the  sii^lemost  ad¬ 
vance  aeronautical  teonnology  promram  underway  in  this  country. 

I  dtmHt  think  we  realize  how  much  this  Nation  draws  on  the  tech- 
nolo^  developed  in  our  advano^  progTsms.  And  the  continuation  of 
an  advanced  projnam  such  as  this  I  think  is  vital  for  the  future. 

I  had  the  privflege  of  visiting  Japw  several  months  back  and  one  of 
the  comments  that  the  Japanese  officials  made  to  me,  in  casual  con- 
verwtion,  but  I  think  it  is  a  meaningful  ccanment,  was  that  we  in  the 
United  States  don’t  imlly  realize  now  important  our  position  in 
advanced  technology  is  to  the  sale  of  products  around  the  world. 

The  point  the}'  were  making  was  that  in  a  real  sense  we  are  able  to 
obtain  higher  prices  for  a  number  of  our  products  unrelated  to  the 
advanced  technology,  simply  because  of  the  fact  that  people  through¬ 
out  the  world  look  on  those  products  as  being  better  because  of  the 
image  we  have  in  advanced  technology. 

I  think  it  is  a  very  material  benefit  that  we  get  out  of  these  pro¬ 
grams.  I  agree  we  can’t  quantify  that. 

Mr.  Wtdler.  That  would  be  a  very  good  argument,  for  example,  to 
say  we.  slionld  continue  with  the  space  program,  but  I  don’t  see  how 
you  would  relate  that  particularly  to  aircraft.  It  would  seem  to  me 
the  leading  proof  of  the  genera!  u^  of  technology  would  be  our  space 
program  in  that  sense  that  you  are  using  it  now. 

You  can  hardly  use  that  as  a  justification  for  aircraft. 

Secretary  Begos.  I  think  the  two  are  not  unrelated,  but  I  do  think 
they  are  different.  The  SST  is  the  only  really  advanced  technology 
program  we  have  underway  and  while  the  space  program — and  I  am 
for  that,  too,  don't  misunderstand  me.  It  is  a  different  kind  of  a  thing, 
if  you  will.  Aeronautics.  I  think  is  a  very  tangible  thing  to  people 
because  it  is  aroimd  them  all  the  time.  The  space  spectaculars  come 
along  6nly  once  in  every  several  months. 

But  in  'my  view  you  have  got  to  have  both,  and  both  contribute  to 
this  image  I  was  referring  to  just  a  few  minutes  ago.  But  let  me 
go  on. 

Swondly,  I  think  that  maintaining  the  preeminence  of  this  country 
in  civil  air  transport  is  a  very  vital  factor  in  both  the  financial  po¬ 
sition  that  the  T'^nited  ,St8tes*  has  abroad,  and  also  in  the  prestige 
that  we  maintain  abroad  in  our  foreign  policy.  To  be  able  to  say  that 
80  or  90  percent  of  the  transport  aircraft  flying  in  world  commerce 
are  built  by  the  United  States  I  think  is  saying  a  great  deal.  To  give 
up  that  position  without  going  to  the  next  generation  of  aircraft  I 
think  would  be  disastrous  for  our  total,  overall  policy  vis-a-vis  the 
rest  of  the  world. 

In  a  more  tangible  area,  this  Nation  has  realized  a  balance  of  pay¬ 
ments:,  a  favorable  balance  of  payments,  from  the  sale  of  air  trans¬ 
ports  in  the  world  market  that  approaches  three-quarters  of  a  bil¬ 
lion  to  a  billion  dollars  a  year,  and  this  has  been  one  of  the  bright  spots 
in  the  sales  of  American  products  abroad. 

Mr.  Wtoler.  Has  that  ever  been  offset  against  the  number  of 
Americans  that  use  thew  aircraft  to  %  to  the  foreign  countries  and 
driainthie  dollars  away  ^ 

^retary  Beoos.  Well,  there  is  an  argument  about  foreign  travel, 
which  I  would  like  to  touch  on  in  just  a  minute. 
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The  SecxeMurjf  of  Conunerce  recently  alluded  to  this  favorable 
balance  given  tc^  us  by  our  sake  of  tranepOTts  and  said  the  air  trans¬ 
port  indus^  is  tbs  one  bright  spot  in  our  balance-of-payments  pic¬ 
ture.  And  indeed  this  is  an  where  I  think  this  country  can 
compete  on  favorable  terms.  It  is  a  high  technology  product,  and  this 
tends  tp  be  an  area  where  Americans  compete  very  effectively. 

With  respect  to  this  ^uesticm  about  the  offsettmg  travel  balance, 
it  is  my— we  discussed  this  at  great  length  in  the  Department  in  reach¬ 
ing  tms  decision.  It  is  my  view  that  Americans  are  going  to  travel, 
and  they  are  going  to  travel  as  a  general  rule  in  the  most  convenient 
and  fast  mode.  They  have  done  this  for  generations.  It  seems  incon¬ 
ceivable  to  me  that  if  the  fore^  airlines  are  flying  either  Ckmcordes 
or  Tupelov  transports,  Americans  will  not  travel  on  them,  because 
they  will  be  faster  and  they  will  be  more  convenient.  And  the  idea 
of  sort  of  closing  our  doors  to  that  kind  of  travel,  I  think  is  not  a  real 
prospect. 

So  if  Americans  don’t  travel  on  an  American  supersonic,  they 
will  travel  on  a  European  or  a  Soviet  supersonic. 

Further,  I  am  not  rem  sure  that  this  travel  balance  argument  really 
holds  a  great  deal  of  water.  Its  basis  is  that  with  the  introduction  of 
the  subsonic  jets,  there  was  a  tremendous  increase  in  foreign  travel. 
The  re^n  for  that,  of  course,  is  the  subsonic  jets  made  it  much  more 
convenient  to  get  to  Europe. 

There  was  a  resnlti^  very  large  increase  in  the  number  of  Ameri¬ 
cans  spending  money  in  Europe.  But  in  recent  years  we  have  seen  an 
upsurge  in  the  amount  of  European  travel  in  the  United  States,  and 
as  the  Western  world,  as  the  Europeans  become  more  affluent  and 
as  the  Japanese  become  more  affluent,  I  think  you  are  going  to  see 
a  great  deal  more  travel  on  their  part  in  an  offsetting  way  against 
the  travel  that  we  are  doing. 

Mr.  Wtdler.  Just  let  me  ask  you  this  question:  I  think  what  the 
Mople  might  object  to  the  most  in  this,  and  when  I  say  “the  people” 
I  mean  the  average  citizen,  s  the  way  this  whole  thing  is  being 
financed  or  is  proposed  to  be  financed. 

Mr.  Hkohlkr.  Will  the  gentleman  yield  quite  briefly  ? 

Mr.  Wtpleb.  Yes. 

Mr.  Hbchi.er.  I  am  quite  sensitive  on  the  question  of  the  jurisdic¬ 
tion  of  this  committee  with  relation  to  interstate  and  foreign  com¬ 
merce.  We  Obviously  can’t  make  decisions  in  this  subcommittee  or  in 
the  full  committee  on  the  substantive  questirai  of  whether  to  go 
ahead  with  the  supersonic  transport. 

I  would  hope  we  would  confine  these  hearings  perhaps  a  little  bit 
more  to  what  can  be  done  in  the  future  of  aeronauticafi  research. 

I  always  hesitate  to  interrupt  a  cofumitteq  member  on  that  basis,  but 
I  am  advised  on  higher  authority  that  the  jurisdiction  of  this  commit¬ 
tee  and  the  charter  of  these  hearings  may  not  extend  to  the  areas  that 
we  appear  to  be  ^tting  into  now. 

Mr.  WydIiER.  All  right.  Well,  I  will,  defer  to  the  Chairman’s  wishes 
on  tlie  matter,  because  I  agree  that  we  can’t  solve  this  here.  It  "was  just 
the  opportunity  to  .talk  tp  Mr.  Beggs^aboi^  these  probJenu  that  seemed 
to  me  very  important,  and  as  Mr.  Pelly  felt  it  was  so  tolpful  to  him 
on  ope  d^.of  the  issue,  that  Xthought  we> might  develop  the<other  side 
too.  ~  . • 
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Mr.  Pbixt.  1  |bhoug!i4  were  qnite  helpful,  too,  in  the  ^questions 
youeiBk^.  .  ‘  ' 

Mri  WTDtiER.  Ticking  about  the  technical  end  of  the  problem,  ivhat 
I  am  particularly  interested  in,  from  your  statement,  is  of  course  the 
|m>blem  of  liie  jet  noise  and  what  ii  means  to  the  future  of  aviation. 
And  it  is  a  technieai  problem  certainly.  As  we  are  finding  out,  it  can  be 
tedinically  solved  wl^  the  effort  is  made. 

Now  for  years  I  have  bewi  hearing  that,  for  example,  we  couldn't  use 
one  of  the  most  feasible  methods  it  seemed  to  me  of  reducing  jet  noise 
(m  landings,  and  that  was  through  increasing  the  degree  of  approach 
pattern  to  the  landing  strip. 

(Se(mtai7  Be^  nods.) 

Mr.  WvntJSi  Which  as  I  understood  by  going  to  a  6°  angle,  we 
would  immediately  cut  jet  noise  in  half,  which  would  be  an  almost 
incredible  improvement  in  the  problem  on  landings. 

(Secretary  B^gs  nods.) 

Mr.  Wtimubr.  But  I  was  told  for  one  reason  or  another  this  couldn’t 
be  done  because  we  didn’t  have  this  piece  of  equipment  or  that  piece  of 
equipment.  But  I  have  recently  been  told  by  a  company  that  happens 
to  come  ^.oui  Long  Island — ^that  is  really  irrelevant  where  they  come 
from,  but  they  were  talking  to  me  about  something  else.  We  have  the 
equipr  unt  that  will  do  it  right  now,  and  they  say  will  do  it  safer  than 
present  aircraft,  and  would  do  it  under  any  weather  conditions,  which 
would  heljp  you  on  your  traffic  control  problem. 

I  think  it  is  the  same  thing  you  are  talking  about  on  page  C  of  your 
statement,  where  you  talk  almut  the  scanning  beam,  miciowave  ILS’s. 
Is  this  what  they  are  talking  about  ? 

SocretaiW  Biidos.  I  dmi’t  think  so.  It  may  be,  but  I  don't  tliink  so. 

The  problem  that  we  ran  into  On  the  steep  descent  procedure  was 
largely  in  the  cockpit. 

Mr.  Wto*^.  Yes,  I  realize  there  is  a  human  problem  involved. 

Secretary  Bbgos.  The  pilots  were  a  little  nnsnie  that  they  wanted 
to  fly  this  kind  trf  glide  slope  without  having  more  electronic  aids  to 
give  them  the  issurance  that  they  wouldn’t  fly  that  steep  ijlide  slope 
right  into  the  ground,  which  of  course  would  be  catastrophic. 

Actually,  we  haven’t  abandoned  this  at  all.  We  are  running  further 
testa  and  we  ho^  one  of  these  da3rs  to  be  able  to  certify  it  for  use. 

Mr.  WtM^.  I  know  that.  You  see,  I  havubeen  in  Congress  now  for 
about — this  is  my  7th  year,  and  I  have  been  told  that  for  the  last  5 — 
at  least  4,  maybe  6  years,  that  we  are  hoping  someday  we  will  get 
around  to  that. 

Secretary  BcooS.  Mr.  Wydler,  one  of  the  things  that  bothers  me  in 
the  job  I  have  had  is  that  things  do  take  .so  much  time.  As  a  matter  of 
fact,  I  think  I  made  a  statement  here  last  year  about  a  study  that  we 
were  going  to  have  out  last  spring,  and  it  turns  out  that  is*  going  to 
be  a  year  late. 

It  does  turn  out  that  it  takes  an  awful  long  time.  We  are  tiwing  to 
improve  the  schedules  on  some  of  these  things.  But  one  of  the  prob¬ 
lems  is  that  you  do  have  a  number  of  individuals  involved  in  a  de¬ 
velopment  project  such  as  a  steep  descent  approach  who  have  to  be 
satined,  and  quite  properly  so,  1  think,  under  our  sy^em.  The  air¬ 
port  operators  have  to  be  convinced,  the  pilots  and  their  nnions  have 
to  be  cOhVinc«d,‘am}  the  airlines,  of  course,  who  have  to  buy  the  ad¬ 
ditional  equipment,  have  to  be  convinced  that  it  is  a  good  investment. 
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While  I  think  that  tl^  mrticalar  one  muld  perhaps  have  moved  a 
little  faster  than  it  has,  it  did  require  convincine  a  lot  of  people.  I  think 
people  are  becoming  convinced  that  it  is  a  good  idea  now.  I  think  they 
are  hegiiming - 

Mr.  Wtwj^  There  are  a  number  of  features  in  tliat.  The  one  that 
surprised  me  is  that  I  was  told  moft  recentJy  by  people  from  your  De¬ 
partment  that  it  was  safer.  And  I  had  always  oeen  led  to  beheve  that 
was  the  big  problem  with  it,  that  it  was  entering  new  elements  of  risk 
into  the  passengers’  lives. 

You  ^ow  we  are  always  told  that.  Whenever  we  have  something  un¬ 
economical  for  the  airlines,  they  throw  up  t^  specter  “This  is  risky 
for  the  passen^rs,  and  we  have  to  protect  them.”  We  stack  the  pas- 
s^gers  up  for  hours  on  end  and  fly  them  in  holding  patterns,  but  the 
airlmes  don’t  seem  to  worry,  or  the  risk  to  the  passengers  when  that 
happens  is  not  raised. 

So  I  am  not  concerned  about  that  any  more.  But  I  was  told  by  the 
people  in  your  Department  that  it  was  probably  the  safer  system  of 
landing,  and  it  would  reduce  the  noise.  So  I  am  beginning  to  get  less 
patient  about  the  particular  matter. 

I  have  written  you  letters.  I  have  sent  you  the  material  from  the 
company  involved,  who  made  the  claims. 

Secretary  Bbgos.  Yes,  sir. 

Mr.  Wyduer.  If  they  are  not  true,  I  would  like  to  see  them  refuted. 
I  don’t  care  who  builds  the  ^uipment.  But  I  wish  somebody  would 
get  on  with  putting  this  particular  procedure  into  effect,  which  really 
would  have  a  dramatic  improvement  for  a  lot  of  people  living  near 
airoorts  in  the  country. 

You  ^y  that  we  are  going  to  have  less  flig^its  with  the  747.  How 
many  flints  are  they  going  to  reduce  with  the  introduction  of  the 
first  747  ?  Does  anyone  have  the  schedules  ? 

Secretary  Bkgqs.  That  I  do  not  know,  because  the  schedules  have 
not  been  promulgated  yet,  although  the  aircraft  does  carry  upward 
of  400  passraigers,  depending  on  the  configuration.  Clwrly  if  you 
can  replace  four  aircraft  or  uiereabout,  which  are  carrying  100  pas¬ 
sengers  each  with  one  of  these,  you  are  going  to  have  fewer  flints. 
In  Qie  long  run - 

Mr.  Wtdler.  Who  is  going  to  see  to  that?  That  is  what  I  am  trying 
to  find  out.  Who  is  going  to  see  you  have  less  flights?  Wouldn’t  the 
four  airlines  still  want  to  fly  their  four  aircraft  ? 

Sectary  Bsgos.  Not  if  uiot  can’t  generate  the  traffic. 

Now,  in  the  long  run,  I  beneve  that  the  number  of  flights  will  build 
up  again  because  the  growth  of  civil  air  toan^mrt  is  continuii^  at 
about  the  same  rate  that  we  have  observed  over  the  past  decade.  That 
has  been  at  about  a  10  to  15  percent  compounded  rate.  So  it  will 
double  again  and  triple  again  probably  in  the  next  decade. 

So  in  that  time  I  expect  there  will  be  the  same  number  of  air  trans¬ 
port  flights;  that  is,  at  the  end  of  the  decade  of  the  seventies  as  there 
areto&y. 

Mr.  Wtdlbh.  Did  you  find  that  the  scheduling  limitations  that  you 
put  in  so  far  have  worked  well  ? 

Secretary  Bkgm.  Yes,  thw  have  worked  quite  well  insofar"  as  the 
traveling  public  is  cemoemem  The  area  where  there  is  still  ^'good  deal 
of  compTamt  is  from  the  business  aircraft  secW  and  I  think  they  have 
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a  oomplui^  becaose  the  number  of  reservations  available 

to  them  is  very  limited  and  they  have  had  trouble  getting  into  these 
five  airports. 

And  1  tfliinlf  we  must  do  something  about  that.  But  I  should  pomt 
out  to  you  that  this  problttn  was  acute  last  year.  You  are  aware  of  the 
facty  by  your  that  we  had  holoing  patterns  in  heavy  use 

for  hours  and  we  simply  had  to  do  scHnething. 

Now  it  is  going  to  tiaka  several  years  to  inorease  ^e  capacily  of  the 
system  to  the  point  where  we  can  remove  those  restrictions,  but  I  think 
we  can  start  to  open  them  up  in  a  year  or  two.  We  will  be  able  to  open 
them  up  in  a  year  or  two,  so  as  to  provide  some  relief  to  the  other 
sectors  of  the  aviation  community. 

The  proUem  here  is  clearly  technical,  and  we  are  b^ind. 

Mr.  Wyoleh.  One  more  questic^  Mr.  Chairman,  if  you  don’t  mind. 
I  know  I  have  asked  many  questions  here.  But  it  i^ms  to  me  another 
key  question  that  we  are  arriving  at,  and  are  deciding  in  the  area  of 
transportati<Hi,  is  this  one,  and  this  is  just  how  far  from  the  center  of 
the  city  can  an  airport  be  f 

I  am  talking  atout  a  major  airport.  And  this  is  a  question  you  are 
going  to  have  to  answ’er,  it  appears,  in  practically  all  the  major  urban 
aieas  of  our  country  in  the  near  future.  I  am  curious  whether  you  have 
done  any  thinking  about  that  and  if  you  have,  what  answers  you  have 
arrived  at. 

How  far  can  you  go  from  the  urban  center  with  tlie  airport  before  it 
becomes  either  economically  or  for  some  other  reason  impractical  or  not 
feasible?  Has  there  been  any  thinking  done  in  this  area? 

Secretary  Begqs.  Yes,  sir,  there  has  been  a  lot  of  thinking  and  sev¬ 
eral  studies  on  that  subject,  a  number  of  them  very  inwmclusive,  but 
there  are  some — well,  we  are  beginning  to  get  some  vectors  on  what 
you  can  da 

The  problem  of  airport  access  of  course  is  one  that  is  still  imsolved 
and  one  that  we  are  wrestling  with  all  the  time  in  the  Department.  We 
feel  that  somehow  you  have  to  come  up — at  the  time  you  de^gn  these 
large  r^onal  airports,  you  have  to  come  up  with  a  good  ystem  of 
airport  access. 

It  would  appear  from  the  studies  that  have  been  done  that  an  airport 
can  be  as  far  out  as  in  the  order  of  a  half  to  three-quarters  of  an  hour 
traveltime  for  the  person  who  wants  to  use  it,  and  with  some  schemes 
that  I  have - 

Mr.  Wtdler.  You  mean  by  helicopter  or  how  ? 

Secretary  Beqos.  That  is  what  I  am  saying,  by  some  scheme  of 
groimd  transportation.  For  example,  we  have  looked  at  tracked  air 
cushion  vehicles  that  have  a  potential  for  attaining  speeds  upward  of 
150  to  200  miles  per  hour,  and  we  have  looked  at  other  kinds  of  tracked 
vehicles  or  vehicles  that  might  run  on  rubber  but  wouldn’t  use  the  tires 
for  traction  that  could  run  upward  of  100  to  120  miles  per  hour. 

With  these  kinds  of  speeds  and  a  system  of  this  sort  that  is  economi¬ 
cal,  and  by  “economical”  we  are  lo(^ing  at  costs  for  installation  of  the 
sy^m  of  less  thiui  $1  million  a  mile,  perhaps  in  the  order  of  half  a 
miUion  to  a  million  dollars  a  mile — on  t^  basis  you  could  probably  go 
out  50  miles  or  more  and  still  be  in  an  area  where  access  would  be 
adequate. 
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No^  TOu  would  have  to  design  a  system  around  that.  You  couldn’t 
just  look  at  it  as  an  airport  access  problem.  Yon  would  hare  to  provide 
some  kind  of  parking  facility  for  the  users  in  an  area  where  they  could 
get  on  Ithe  punlio  transpottation  and  then  get  to  the  airport  relatively 
quicklyi.^ 

Mr.  Wtdler.  If  1  asked  TOu  a  very  hard  question:  In  my  area,  New 
York,  some  people  are  talking  about  putting  an  airport  out  in  my 
general  area  in  Long  island,  &out  80  miles  from  New  York  Cit^.  1 
think  it  is  probaUy  as  close  to  New  Haven  when  they  finish  with  it 
as  it  is  ‘to  New  York.  In  which  event,  I  just  wonder  is  that  practical  ? 
Because  it  is  not  a  bad  idea  in  sonra  ways.  If  say  they  want  to  build  it 
on  the  water,  which  seems  to  be  the  coming  modem  approach  to  air¬ 
ports — everybody  has  the  problem  to  start  thinking  anout  sticking 
them  in  the  middle  of  a  lake  or  the  sound,  in  our  case. 

I  am  just  wondering  about  it  from  the  point  of  view  of  distance. 
I  think  otherwise  it  probably  could  become  economically  not  feasible. 
I  think  the  cost  of  building  it — I  think  you  could  get  that  back.  But 
I  am  just  wondering  about  it  from  the  point  of  view  of  feasibility 
as  far  as  distance  from  the  main  target  area. 

Is  that  considered  within  the  realm  of  reason  or  not?  Is  it  some¬ 
thing  worth  discussing  or  iai’t  it  ? 

Secretary  Bsoos.  I  think  it  is,  particularly  in  the  New  York  area, 
where  we  have  so  much  difficulty  in  finding  a  fourth  site  for  a  jet  port. 
Eighty  miles  I  think  gets  into  the  edge  of  what  we  can  do  for  the  com¬ 
muter,  but  I  don’t  think  it  is  too  far  out  considering  that  in  many  cases 
it  takes  an  hour  or  so  to  ^t  in  from  Kennedy. 

So  from  that  point  of  viewj  I  guess — with  a  suitable  access  system, 
I  guess  you  could  get  them  into  downtown  Manhattan  in  an  hour. 

Mr.  WTDtER.  I  suj^K)^  the  answer  to  this  is  the  future  will  see 
these  urban  areas  beaming  larger  and  larger,  and  these  airports  in 
effect  will  be  serving  regions  rather  than  the  urban  center  and  the 
urban  center  itself  will  not  become  that  important.  I  can  see  that,  too. 

Secretary  Bases.  We  see  two  things.  We  see  the  regional  airport 
concept,  which  I  think  has  merit  in  a  number  of  areas  in  the  country. 
We  would  also  like  to  do  a  little  demonstration  work  and  try  to 
develop  the  concept  of  the  V/STOL  aircraft  to  take  some  of  the  pres¬ 
sure  off  the  larger  jet  ports.  And  I  think  it  has  potential  for  the  urban 
areas,  from  tl^  stanapoint  of  trying  to  take  the  pressure  off  and 
increase  the  ability  of  the  existing  airport  complex  to  serve  the  area. 

Mr.  Wtdler.  Thank  you. 

Thank  you,  Mr.  Chairman. 

Mr.  Hbchler.  Mr.  Goldwater. 

Mr.  Gou)Watb».  Thank  you,  Mr.  Chairman. 

Mr.  Beggs,  I  am  a  private  pilot.  One  afternoon  I  took  off  from 
Burbank  and  headed  for  Long  Beach  about  60  miles,  and  it  was  a 
usual  Los  Angeles  day,  sort  of  smoggy.  The  visibility  was  marginal. 
It  is  the  custom  for  me  to  contact  the  abroach  control,  air  traffic 
control  for  stirveillance.  I  was  uneble  to  do  this  during  my  journey 
from  Burbank  to  Lor^  Beach. 

I  had  three  near  miss  collisions.  Now,  the  point  that  I  make  before 
I  ask  the  question  is  that  there  are  approximately  118,000  aircraft 
flying  around  this  country  today,  of  which  only  approximately  2,200 
are  commercial  aircraft,  the  rest  being  general  aviation.  On  top  of 
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this  there  are  approximately  600,000  private  pilots,  or  pikes  that 
are  flying  these  aircraft. 

In  all  this  research  and  all  this  studying  on  air  traffic  control  and 
new  regulations  what  is  being  done  about  the  general  aviation  pilot, 
the  guy  who  is  a  weekend  pilot,  the  fellow  who  flies  around  in  a 
small  airplane?  How  can  the  private  pilot  cope  with  the  new  tech¬ 
nology,  the  new  advances  that  are  being  applira,  the  new  Kgulations 
promulgated.  What  about  the  cost  factors  for  the  private  pilot  to  keep 
up  to  date  on  these  new  regulations  and  the  new  technolo^es  he  will 
more  than  likely  have  to  have  in  his  airplane  to  approach  Siir  traffic 
control  for  surveillance  ? 

Secretary  Bboos.  Well,  you  pinpointed  the  problem  and  perhaps  the 
solution.  In  my  view  the  solution  is  positive  control  in  the  high  traffic 
ar^s.  And  here  it  is  a  question  I  think  of  equipping  the  general 
aviation  craft  with  the  proper  equipment  to  plug  into  the  system. 

Now  we  do  think  that  you  will  be — in  fact,  we  can  now  provide 
beacon  systems  for  under  $1,000  installed  in  the  private  aircraft,  and 
this  will  go  a  long  way  toward  enabling  the  small  planes  to  plug 
into  our  national  air  space  system. 

Mr.  Goldwater.  You  mean  like  a  transponder  ? 

8ecr"  ary  Begos.  Yes,  transponder.  Once  we  get  ourselves  equipped 
t'nronghout  the  country  to  apply  this  system  broadly,  I  think  we  will 
have  a  system  in  place  that  has  the  capability,  until  we  reach  the 
capacity  of  that  system,  of  maintaining  positive  control  in  the  high 
density  areas.  Beyond  that,  I  think  we  have  got  a  lot  of  work  to  ao. 

Mr.  Goldwater.  Does  a  lot  of  this  have  to  do  with  the  equipment 
and  the  manpower  that  you  need  at  the  centers  ? 

Secretary  Beggs.  Both.  The  equipment  is  currently  being  produced 
and  we  have  not  bought  it  in  sufficient  quantity  to  equip  all  the  centers 
throughout  the  country,  that  is,  all  the  high  density  centers  through¬ 
out  the  country,  but  with  the  moneys  that  we  have  requested  in  the 
Airport  Airwavs  Expansion  Act,  I  think  the  projection  is  we  will 
be  able  to  equip  everything  in  the  country  in  a  matter  of  about 
8  years. 

Now  we  think  this  system  will  be  good  through  the  1980's.  as  I  said  in 
my  testimony.  The  projections  now,  with  the  improvements  that  we 
can  work  into  that  system  as  we  go  along,  will  enable  it  to  have  a 
life  through  the  1986’s.  In  the  scheme  of  things  that  is  not  a  very 
long  life.  It  would  be  less  than  a  20-year  life  from  the  time  we  get  the 
whole  system  installed. 

So  I  think  we  have  got  a  lot  of  homework  to  do  in  technology  in 
order  to  make  the  system  more  automated  and  do  what  you  are  asking, 
that  is  to  give  the  private  pilots  who  comprise  the  fastest  growing 
sector  in  this  aviation  community,  a  chance  to  continue  flying  in  the 
high  density  areas,  because  I  think  there  is  a  very  real  danger  now 
that  somewhere  along  the  line  it  will  simply  get  too  dangerous  in 
some  of  these  areas  for  them  to  fly. 

Mr.  Goldw.\ter.  I  have  just  one  quick  question,  if  T  could. 

Secretary  Beggs.  Sure. 

Mr.  Goldw.4Ter.  T  have  to  compliment  Jack  Shaffer,  the  FA.\.  and 
the  whole,  staff  for  the  work  they  h'  e  done  in  promoting  that  type  of 
project  on  congestion. 
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You  say  if  this  money  is  appropriated,  it  will  take  8  years.  What  can 
be  done  right  now  to  say  ease  the  burden  on  the  air  traffic  controller? 

Secretai^  Beggs.  Weil,  there  are  a  couple  of  things  that  we  have 
initiated.  One  of  the  problems  with  the  air  traffic  control  situation  is 
that  in  the  high  density  centers,  again,  the  controller  is  under  extreme 
preesuie.  Belatively  little  has  been  done  to  study  the  man-machine 
relationship,  the  human  engineering,  that  probabW  should  have  been 
done  a  number  of  years  ago  in  or^r  to  ease  his  burden. 

You  have  been  in  an  air  traffic  control  center.  One  of  the  things  that 
strikes  you  is  that  these  men  are  sitting  on  one  another’s  lap  as  they 
work  the  system.  With  what  we  know  from  a  great  amount  of  re¬ 
search  wd  development,  both  in  the  Department  of  Defense  and  in 
the  hTational  Aeronautics  and  Space  Administration,  we  can  do  some¬ 
thing  immediately.  And  I  have  General  Lundquist  working  on  that 
problem  right  now,  to  bring  some  experts  in  to  take  a  quick  look  at 
that  problem,  and  I  think  within  a  very  few  months  we  can  start 
seeing  some  material  benefits  in  that  area. 

Beyond  that,  the  new  equipment  will  ease  the  burden.  The  control¬ 
lers  who  have  used  the  new  arts  system  are  quite  impressed  by  the  way 
it  helps  them  do  their  jobs.  There  is  a  greater  easing  of  the  pressure 
on  them  than  heretofore. 

But  with  all  that,  we  are  going  to  need  more  controllers. 

Mr.  Goldwater.  Why  wouldn’t  you  recommend  cutting  down  on 
commercial  flying? 

Secretary  Beggs.  It  is  my  view  that  while  the  load  factors  this  year 
are  hovering  around  the  50  percent  mark — and  this  is  a  low  point  I 
think  in  the  cycle — I  see  those  load  factors  going  back  up  over  the 
next  couple  of  yeare.  It  is  my  belief  that  the  number  of  flights  in  the 
high  density  areas  in  particular  are  not  excessive  at  this  point,  for  the 
development  of  the  air  transport  industry.  If  we  continue  to  experience 
load  factors  in  the  50  percent  range  for  the  next  year  or  two.  then  I 
think  we  ought  to  give  serious  consideration  to  the  schedules,  and  give 
some  thought  to  doing  just  what  you  say. 

But  I  don’t  think  the  current  situation  warrants  that. 

Civil  aviation  has  gone  through  these  cycles  several  times  in  the  past 
and  it  has  always  been  a  very  temporary  thing,  than  the  load  factors 
have  increased  very  quickly. 

Mr.  Wtdler.  Would  the  gentleman  yield,  just  for  my  understanding  ? 

I  found  two  statements  you  made  hard  to  understand.  You  said  you 
expected  us  to  have  less  airplanes  flying  with  the  74T’s,  and  then  you 
said  we  are  going  to  need  controllers.  One  of  those  statements  doesn’t 
follow  from  the  other. 

Secretary  Beggs.  The  statement  I  made  about  747’s  relates  to  the 
air  transports. 

Mr.  Wtdler.  Bight. 

Secretary  Beggs.  These,  of  course — as  Mr.  Goldwater  has  pointed 
out — constitute,  relatively  speaking,  a  small  number  of  the  aircraft 
flying.  There  are  in  the  order  of  2,200  to  2,500  civil  air  transports  in 
the  fleet  today,  whereas  there  are  115.000  to  120,000  general  aviation 
craft.  At  any  particular  hour  of  the  flying  day  there  may  be  upwards 
of  12.000  aircraft  in  the  air.  Clearly  a  very  small  percentage  of  them 
will  be  air  transports.  And  our  problem  is  related  to  that  12,000  air¬ 
craft  that  are  flving,  and  not  simply  to  the  1,000  or  so  air  transports 
that  may  be  in  the  air  at  any  one  time. 
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Mr.  Hechler.  Would  the  ^ntlemaxi  yield  at  that  point  ?  Mr.  Gold- 
water? 

Mr.  Goldwateh.  Yea,  sir. 

Mr.  Hecheer.  My  recollection  is  that  the  FA  A  predicted  when  the 
large  conventicmal  jets  were  introduced  that  there  would  be  fewer 
flights,  is  that  correct  f 

Secretary  Beoos.  I  believe  they  did,  yes,  sir. 

Mr.  Hechler.  And  that  didn’t  exactly  work  out,  did  it  ? 

Secretary  Beggs.  No,  that  didn't  work  out  b^ause  when  the  sub¬ 
sonic  jets  were  introduced,  tiie  use  of  the  system  increased  drastically 
because  of  the  convenience  of  the  subsonic  jets  in  inoving  people 
around,  and  the  number  traveling,  that  is  the  traveling  public  in¬ 
creased  more  than  enough  to  take  up  the  slack.  Incidentally,  at  the 
time  that  they  were  introduced,  the  load  factors  were  again  relatively 
low  and  they  grew  very  nicdy  over  the  next  few  years  and  more  than 
took  up  the  slack.  And  as  I  have  said  before,  I  anticipate  the  same 
thing  will  happen  witJi  the  747  in  time,  and  perhaps  in  a  shorter  time 
than  we  are  projecting,  but  it  is  our  belief  that  the  number  of  pas¬ 
sengers  will  triple  in  the  next  decade  or  so. 

There  again,  the  number  of  747’s  flying  perhaps  will  equal  the 
number  we  have  flying  today.  But  I  have  got  to  go  along  with  the 
current  projection  of  the  FAA,  in  their  belief  that  with  the  introduc¬ 
tion  of  the  747  we  will  have  fewer  flights.  And  I  should  point  out  that 
this  projection  is  related  to  hi^  density  areas  such  as  New  York, 
Chicago,  Washington,  San  Francisco,  Los  Angeles,  Dallas-Fort 
Worth,  and  so  forth,  because  it  is  in  these  areas  that  we  have  real 
trouble. 

I  think  when  the  747  starts  flying^  it  will  ease  that  problem.  Now 
it  may  not  ease  the  overall  problem  m  the  system.  There  may  be,  in¬ 
deed,  in  a  very  short  time  the  same  number  of  air  transports  flying. 

Mr.  Hechler.  Mr.  Goldwater? 

Mr.  Goldwater.  I  am  through. 

Mr.  Hechler.  I  just  wanted  to  follow  up  one  observation  that  Mr. 
Wydler  made.  It  has  always  puzzled  me  that  in  measuring  the  distanw 
from  center  city  to  an  airport  you  always  assume  that  everybody  is 
going  to  start  from  the  comer  oi  one  downtown  street  comer,  which  is 
obviously  not  tme.  You  have  got  to  measure  this,  it  seems  to  me,  in 
terms  of  your  highway  system,  and  in  terms  of  distribution  of  popu¬ 
lation  and  get  some  (^er  formula  for  measuring  how  far  people  have 
to  go  to  airports. 

But  you  say,  “Oh,  they  have  to  go  50  miles  to  42d  Street  and 
Broadway!” 

Secretary  Beggs.  There  was  a  study,  Mr.  Chairman,  done  2  or  3 
years  ago  on  this  question  with  respect  to  the  airports  in  the  New  York 
area — where  the  people  wanted  to  go  and  where  they  came  from—and 
it  turned  out.  as  you  point  out,  that  relatively  few  of  them,  I  think  in 
the  order  of  30  percent  or  so,  really  wanted  to  go  into  downtown  Man¬ 
hattan.  Most  of  them  were  ^ing  elrowhere. 

And  when  you  look  at  where  tJiey  came  from,  a  similar  situation  was 
trae,  that  is  a  relatively  small  percentage  of  them  came  from  the  center 
city  and  most  of  them  came  from  the  suburbs,  from  Connecticut.  New 
Jersey,  I^ng  Island,  or  what  have  you.  So  there  is  a  very  complex 
problem  in  trying  to  configure  an  airport  access  system  that  will  truly 
serve  the  traveling  public,  because  as  you  say,  the  traveling  public  is 
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not  going  to  start  from  the  same  place  and  they  are  not  going  to  come 
to  some  comer  in  the  center  of  the  city  in  order  to  get  on. 

That  was  the  intent  of  the  comment  I  made.  When  you  consider  air¬ 
port  access,  you  have  to  consider  it  as  a  syst^  and  I  think-  you  have 
to  provide  adequate  parking  at  various  places  along  the  route  and 
you  have  to  lay  the  route  out  in  such  a  way  that  it  is  accessible  to  the 
majority  of  the  traveling  public.  Otherwise  they  won’t  use  it,  and 
you  will  be  back  into  the  same  kind  of  problem  that  we  have  today, 
witli  crowded  airport  parking  lots  and  poeple  complaining  that  they 
can’t  get  to  the  airport  when  mey  need 

Mr.  Hechjuer.  1  would  like  to  ask  several  more  questions  before  I 
yield  to  Mr.  Helstoaki. 

(Ml*.  Helstoski  nods.) 

Mr.  Heosles.  Mr.  Ben  Alexander,  the  chairman  of  the  Air  Traffic 
Control  Advisory  Committee,  came  before  our  committee  last  year,  as 
you  Imow,  and  gave  us  some  preliminary  figures  as  to  the  direction  in 
which  this  advisory  committee  was  goingto  go. 

Now  that  this  study  has  been  completed  and  is  under  review,  I  won¬ 
der  if  you  would  submit  the  study  or  its  conclusions  for  inclusion  in 
the  hearings! 

Secretary  Bnoos.  Yes,  sir;  we  can.  We  did  release  it  last  Wednesday 
and  we  would  be  pleased  to  submit  it. 

( Because  of  the  volume  of  material  sulunitted  included  are  summary 
and  recommendations  only  of  this  report,  as  follows:) 

II  Introduction 

The  Departmeut  of  Transportation  Air  Traffic  Control  Advisory  Committee^ 
was  formed  in  the  summer  of  1968  for  the  purpose  of  recommending  an  ATC 
system  for  the  1980s  and  beyond.  The  Cmnmittee's  technical  staff — made  up  of 
some  loO  individuals,  full-  and  part-time  from  all  segments  of  the  aviation  indus¬ 
try — studied  the  most  critical  problem  areas.  The  Committee  members  met 
monthly  to  review  accomplishments  and  guide  the  ongoing  work.  In  addition  to 
drawing  on  the  FAA,  NASA,  DOD,  and  the  aviation  community  for  technical 
staff,  the  Committee  maintained  liaison  with  various  aviation  organizations. 
Including  the  military,  NASA,  AIA,  ALFA,  AOCI,  AGFA,  ATA,  BIA,  NBAA, 
NPA,  and  others.  Without  this  broad  participation  at  both  the  technical  and 
{wllcy  levels,  the  work  described  this  report  could  not  have  been  accomplished. 

The  Committee  oooeeDtrated  on  control  (tf  aircraft  through  the  airspace,  from 
takeoff  to  landing.  Bmpbasis  was  idaced  on  the  denser  portions  of  the  airspace 
where  the  dagger  of  midair  collisions  and  the  need  for  efficient  use  of  scarce 
resources  (priticlpally  ^nways  and  terminal  airspace)  make  sophisticated  air 
traffic  control  mandatory  if  safety  is  to  be  assured  without  sacrifice  of  capacity 
and  without  unacceptable  delays  or  interference  with  freedom  of  flight.  Air¬ 
ports  were  included  in  the  study  Insofa);  as  they  strongly  interact  with  air  traffic 
control.  The  Committee’s  primary  concern  was  with  efficient  use  of  runways, 
while  taxiways,  ramps,  and  other  facilities  were  considered  only  to  the  extent 
necessary  to  understand  airport  efllciency  and  real  estate  requirements.  No  work 
was  done  on  airiiort  access.  As  it  became  clear  that  aircraft  noise  abatement 
can  frequently  be  obtained  by  proper  terminal  routes  and  procedures,  consider¬ 
able  effort  was  placed  on  the  subject  of  npise  reduction  which  may  be  critical 
to  community  acceptance  of  high  capacity  airports. 

The  conclusions  reached  on  air  traffic  control  for  the  1980s  and  1990s  assome 
that  runway  capacity  In  the  denser  traffic  areas  will  be  provided.  This  is  our 
present  severe  bMtleneck,  and  the  improvements  to  the  air  traffic  control  system 
discussed  in  this  report  will  not  be  significant  unless  the  airpmrt  (runway)  prob- 
lenw  are  also  resolvfed. 


‘  Coaunittee  members,  aflUtatioos,  aad  titles  arc  listed  In  Appendix  A. 
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Tbe  Committee  elected  to  ^ce  minimal  effort  on  over  ocean  air  traffic  contwd 
and  commnnlcatlonB  la  View  Of  the  apparent  adequacy  of  existing  technology 
and  the  straightforward  nature  of  the  proMemB. 

The  Committee  postulated  a  foadammital  requirement  that  the  air  traffic  con* 
trol  system  of  the  future  should  not  sighifleantly  constrain  the  growth  of  avia¬ 
tion,’  The  specific  requirements  which  derive  from  this  are  performance  and  cost 
cbaracterisUcs  which  permit  all  Of  the  users  to  maintain  activity  levels  close  to 
what  they  would  have  been  if  the  cost  were  much  less  or  the  performance  much 
greater.  While  this  approach  to  establishing  system  requirements  has  its  limi¬ 
tations,  It  has  proved  workable  and  equitable  at  this  stage  of  aviation  growth. 

Air  traffic  ccrntrol  Is  now  ending  Its  second  generation.'  The  present  manual 
system  is  soon  to  be  supplanted  by  the  semi-automatic  Third  Generation  System, 
which  follows  gnidelines  recommended  by  Project  Beacon  In  1961. 

In  order  to  understand  toe  problems  of  transitioning  to  a  new  system  in  toe 
1980s,  the  Committee  studied  the  performance  of  the  'Hiird  Generation  with 
toe  projected  traffic  loads.  It  became  apparent  toat  toe  Third  Generation  System, 
as  presently  planned,  must  be  substantially  upgraded  if  it  is  even  to  accommodate 
toe  aviation  growth  of  the  1970s.  Studies  of  feasible  modifications  show  that  it 
is  entirely  reasonable  to  select  an  upgrading  program  which  can  greatly  extend 
its  useful  life.  Moreover,  this  upgraded  Third  Generation  System,  in  comparison 
with  alteniative  approaches,  appears  capable  of  providing  the  capacity  needed 
with  fewer  compatibility  problems,  less  technical  risk,  and  at  lower  cost.  By 
implementing  these  modifications  progressively,  it  should  be  possible  to  acctuu- 
modate  toe  traffic  as  now  projected  into  the  1990b.  The  Committee  strongly  urges 
tola  path  be  followed,  and  most  of  this  report  is  concerned  with  upgrading  toe 
Third  Generation  System.  Near  the  end  of  toe  century,  a  Fourth  Generation  Sys¬ 
tem  may  be  needed.  The  report  identifies  major  Innovations  that  such  a  s.vstem 
might  inClnde  and  suggests  fundamental  studies  needed  in  advance  of  any 
developunmit  effort 

While  the  Committee  is  reocommending  specific  system  characteristics  and  is 
proposing  a  number  of  high  priority  system  engineering  and  development  pro¬ 
grams,  it  has  not  attempted  detailed  designs,  nor  has  it  considered  specific 
deployment  plana  Nevertheless,  it  is  clear  that  the  approach  recommended  will 
require  an  investment  of  several  btIUon  dollars  during  the  1970s  in  air  traffic 
control  developmmtt  and  facUitlea  Additional  billions  will  be  needed  in  the 
19708  for  airport  improvement  and  new  construction  if  the  demand  is  to  be 
accommodated. 

The  Committee  is  concerned  that  the  system  recommended  by  Project  Beacon 
in  1961  will  not  be  completed  before  1973.  An  early  review  is  urged  to  determine 
toe  new  organizational  and  contractuat  arrangements  necessary  to  ensure  toe 
timely  completion  of  a  program  of  toe  magnitude  and  urgent  national  priority 
recommend^  in  this  report. 

2.  SCMMSBT 

THE  CRISIS 

Air  traffic  is  in  crisis.  The  crisis  now  manifest  at  a  few  high  density  hubs  is 
the  direct  result  of  the  failure  of  airports  and  air  traffic  control  (ATC)  c;i parity 
to  keep  up  with  the  growth  o'"  the  aviation  industry.  With  proper  leadership, 
funds,  a  sense  of  common  puri  se  in  toe  aviation  commonlty,  and  steps  taken 
to  promote  coexistence  between  airports  and  their  neighbors,  this  deficit  can  be 
eliminated  through  intelligent  application  of  recent  advances  In  aeronautics, 
electronics,  and  computer  science.  Unless  strong  measures  are  taken,  forces 
presently  In  motion  will  blight  toe  grow'  h  of  American  aviation. 

The  demand  for  all  categories  of  aviation  will  maintain  its  high  growth  rate 
unless  further  constrained  by  an  inadequate  air  traffic  system.  The  various 
national  indices  of  aviation  activity  are  predicted  to  at  least  double  by  1980 
(with  respect  to  1968)  and  to  double  again  by  1993.  Five  airports  now  operate 
at  saturation  during  peak  hours.  This  number  wUI  rise  to  twenty  by  1980  unless 
piresent  expansion  plans  are  accelerated.  The  demand  for  air  traffic  control  serv- 


*Thls  does  not  mean  that  the  Committee  tavore  Implementing  ATC  Improvemente  to 
meet  peak  demands  independent  of  their  eosts  or  the  nsers’  willingness  to  par.  nor  does  It 
imply  that  the  Committee  nilceta  the  uae  of  dUCerentlal  pricing  or  route  and  schedniing 
restrictions  to  obtain  mazlmam  benefit  from  the  ATC  and  airport  srstems  at  various 
stages  of  their  development.  These  qnestlons  of  policy  are  conaidered  to  be  outside  of 
the  Committee’s  charter. 

•  See  Appendix  B  for  a  description  of  the  Second  and  Third  Generation  Systems. 
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ice  will  tlae  even  faster  than  activity  in  general  Overall,  the  demand  for  ATC 
service  is  estimated  to  almost  treble  by  U80  and  to  treble  again  by  1996. 

In  light  of  this  projected  demand,  the.  Committee  sees  three  critical  prcddems 
which  argmidy  require  solutions  if  aviati<m  growth  is  to  be  accommodated : 

Ihe  ab(^ge  of  terminal  capacity ; 

The  need  for  new  means  of  assuring  separation ; 

The  limited  capacity  and  Increasing  coat  of  ATC. 

PPOaSDIRO  THE  THnrn  SENEEATIOir  STBTEM 

The  semi-automatic  Third  Generation  ATC  System,  originally  recommended  by 
Project  Beacon  in  1961,  is  now  being  Implemented.  It  will  initially  become  opera¬ 
tional  in  1971  and  will  be  in  widespread  use  by  1973.  Due  to  the  slow  pace  of 
implementation  and  unforeseen  aviation  growth,  It  now  requires  major  modifica¬ 
tion  If  It  is  to  solve  the  erudal  problems  that  the  Committee  foresees  for  the  late 
1970e  and  beyond. 

Terminal  capaeUy 

The  airport  plant  at  a  number  of  dense  hubs  is  often  saturated  by  the  present 
demand  at  peak  hours.  There  will  continue  to  be  popular  resistance  to  construe* 
tlon  of  new  airports  in  major  urban  areas  due  to  their  high  cost.s.  the  diffuse 
distribution  of  the  benefits  of  aviation  activity,  resistance  to  increased  noise,  and 
political  fragmentation.  As  a  consequence.  It  is  not  reasonable  to  expect  addi¬ 
tional  urban  airports  sufficient  in  number  satisfy  the  forecast  demand  even  if 
increased  use  of  V/STOL  is  taken  into  account.  Major  improvements  in  current 
airport  capacity  must  be  achieved.  For  public  acceptance,  this  should  be  accom¬ 
plished  without  Increasing  perceived  aircraft  noise. 

Committee  studies  show  that  it  is  possible  to  more  than  double  the  capacity 
of  present  airports.  By  the  use  of  newer  techniques  of  instrument  iunding,  surveil¬ 
lance,  and  air  traffic  control,  additional  runways  can  be  brought  .safely  into  use 
and  all  runways  made  to  operate  at  higher  capacity.  The  same  principles  can  be 
applied  to  new  airport  construction  to  provide  greater  capacity  than  airports  as 
presently  designed. 

The  dual  lane  runway  provides  a  40%  increase  in  capacity  \tsiug  present 
separation  standards.  Automation  beyond  that  presently  planned  would  in¬ 
crease  runway  capacity  by  an  additional  30%.  Decreasing  aircraft  longitudinal 
separation  to  two  miles  could  provide  still  another  40%  increase  in  capacity. 
Thus,  dual  lanes,  automation,  and  decreased  separation  could  provide  more 
than  a  twofold  increase  in  runway  capacity.  Furthermore,  additional  capacity 
can  be  provided  by  utilizing  airport  acreage  more  efficiently  by  decreasing  the 
6000'  separation  between  Independent  IFR  runways.  The  Committee  believes 
it  will  be  possible  to  safely  reduce  this  separation  between  runways  to  2500 
feet  and  the  final  spacing  on  approach  to  two  miles.  This  will  require  (1)  an 
improved  landing  aid,  such  as  the  scanning  beam  microwave  ILS.  and  (2)  provi¬ 
sions  for  precise  monitoring  and  data  linked  commands  in  case  of  blunders. 
These  requirements,  along  with  increased  terminal  automation,  are  included 
in  the  upgraded  Third  Generation  System.  While  procedural  techniques  can 
probably  be  devised  to  permit  the  recommended  separations  despite  wake  turbu¬ 
lence.  means  may  be  required  for  predicting.  sen.sing,  or  di.ssipating  dangerous 
wake  turbulence.  Tlie  Committee’s  W'ake  turbulence  dissipation  studies  have 
shown  promise. 

Curved  routes  to  airports,  made  possible  by  a  scanning  beam  microwave 
instrument  landing  system,  can  reduce  public  discomfort  due  to  aircraft  noise. 
Moreover,  the  quiet  nacelle  program  has  shown  encouraging  results.  By  in¬ 
corporating  low  noise  routing  plus  engine  quieting,  a  preliminary  study  of 
Kennedy  airport  indicated  noise  could  be  reduced  even  tliough  traffic  was 
doubled. 

Separation 

The  current  use  of  radar  and  ATCRBS '  data  to  assure  separation  has  largely 
eliminated  collisions  between  aircraft  when  both  are  under  radar  control.  In 
recent  years,  however,  collisions  between  air  carriers  under  control  and  un¬ 
controlled  aircraft  have  averaged  more  than  two  per  year.  Since  the  likelihood 
of  such  collisions  rises  about  as  the  square  of  the  aircraft  population,  measures 


*  Air  Trafflc  Control  Badar  Beacon  Syatsaa. 
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tejrond  the  itreaeat  use  of  “aec-and-avoid”  In  portions  of  “Mixed  Airspace"' 
will  become  mandatory  by  1980.  Committee  stndies  predict  an  air  carrier-general 
ariation  collision  rate  10  per  year  In  1980  in  Mixed  Alngpace  unless  changes 
are  made.  Furthermore,  the  collision  rate  between  uncontrolled  general  aviation 
aircraft  (33  in  1868)  will  also  grow  rapidly  unless  improved  means  of  assuring 
separation  are  provided. 

The  Committee  believea  it  ia  now  feasible  to  largely  overcome  the  midair 
collision  problem  in  portions  of  the  air^iace  under  surveillance  without  signifi¬ 
cantly  restricting  freedom  of  filght  The  strongly  preferred  approach  to  this 
lies  in  automating  and  making  m<n«  precise  the  air  traffic  advisory  service.  Addi¬ 
tional  protection  may  be  available  through  cockpit  visibility  improvements,  con- 
iSdcnity  enhancement,  and  possibly  PWI  or  GAS  'devices. 

By  means  of  a  data  acquisitiin  system  whidi  reliably  and  accurately  provides 
the  ATC  Center  with  idmiUty,  poeltloa,  and  altitude  information  on  ali  aircraft 
within  designated  portions  of  the  airspace,  the  ATC  computer,  through  a  data 
link,  can  automatlc^ly  advise  aircraft  of  threats  due  to  other  aircraft,  weather, 
airspace  boundaries,  and  surface  obstacles.  In  addition,  instead  of  merely  advising 
of  threats,  the  computer  can  generate  commands  for  appropriate  evasive 
maneuvers.  This  process  is  called  Intermittent  Positive  Control  (IPC). 

Under  IPC,  conflicts  between  aircraft  under  surveillance,  controlled  or  un¬ 
controlled,  would  be  predicted,  safe  maneuvers  calculated,  and  appropriate  com¬ 
mands  automatically  transmitted  to  the  aircraft  and  displayed  to  the  pilot.  The 
additional  ATC  computer  equipment  required  to  provide  this  service  is  relatively 
modest.  No  controllers  would  be  required.  IPC  need  only  be  applied  when  a 
collision  is  xmssiMe;  otherwise,  all  aircraft  would  follow  normal  procedures. 

IPO  requlra  aircraft  In  the  airspace  served  to  be  equipped  with  a  simple 
ground-to-air  data  link  and  display  in  addition  to  the  beactm  transponder.  In 
the  upgraded  Third  Qeneratlon  Systmn,  this  IPG  data  link  and  display  should 
be  a  low  cost  Integral  port  of  the  beacon  transponder. 

IPC  appears  applicable  to  traffic  densities  as  high  as  that  predicted  for  the 
Los  Angeles  Basis  in  1996.  Even  there,  assuming  completely  random  flight.  IFG 
is  estimated  to  require  only  five  commands  per  hour  per  VFR  aircraft  At  inter¬ 
mediate  densities,  only  aircraft  wishing  separation  service  need  have  data  link 
(although  all  must  be  transponder  equipped).  While  substantial  amounts  of 
ground  computations  would  be  required  for  IPC,  the  increasing  power  ond  de¬ 
creasing  costs  of  computers  will  make  IPC  quite  practical  in  the  late  1970s  and 
beyond.  In  some  portions  of  the  airspace,  the  information  and  instrumentation 
needed  for  IPG  could  be  used  to  mark  the  boundaries  of  uncontrolled  air  routes 
(“VFR  Highways”).  Tlie  additional  order  such  routes  provide  is  like^  to  iiermit 
high  density  flights  without  the  collision  risk  that  would  otherwise  be  expected 
at  such  densities. 

While  the  Committee  recognizes  that  requiring  all  users  of  the  denser  por¬ 
tions  of  Mixed  Airspace  to  be  transponder  equipped  will  be  burdensome  to 
some,  it  sees  no  feaMMe  alternative  if  aviation  growth  is  to  be  accommodated 
at  acceptable  levels  of  safety.  The  service  provided  will  more  than  Justify  the 
cost 

Automation 

A  third  problem  relates  to  limitations  in  the  control  process  due  to  (1)  the 
potential  scarcity  of  controllers,  and  (2)  saturation  of  manual  control  at  major 
hubs. 

There  are  now  about  18.000  highly  skilled  controllers,  excluding  supervisors, 
employed  by  the  FAA.  The  1968  controller  labor  cost  was  $0.25  billion.  The 
number  of  controflers  required  increases  at  least  directly  wdtb  the  traffic.  Despite 
the  limited  automation  of  the  Third  Generation  system  presently  being  imple¬ 
mented  (NAS  Stage  A'  and  ARTS  III),  the  FAA  estimates  that  more  than 
33,000  controllers  will  be  needed  by  19M.  and  costs  will  rise  at  least  in  pro¬ 
portion.  It  may  be  extremely  difficult  to  maintain  such  a  work  force  and,  even  if 
possible,  costs  may  rise  sufficiently  to  Jeopardize  public  acceptance. 

The  inroblem  of  saturation  of  the  manual  control  process  is  especially  serious 
in  the  transitional  alrqMce  between  en  route  and  terminal  regions.  In  New  York, 


■“Mixed  Airspace"  has  come  to  be  used  by  tbe  Committee  to  denote  airspace  shared 
by  controlled  and  uncontrolled  aircraft. 

■  Pilot  Warning  Instrnment  and  Collision  Avoidance  System. 

^  National  Airspace  System  and  Automatic  Badar  Control  Terminal  System  are  descrip¬ 
tive  of  tbe  automation  being  implemented  in  the  present  Third  Generation  System.  See 
Appendix  B. 
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certata  ot  tbeae  aectors  are  already  (grating  at  saturation.  While  it  is  iKwsible 
to  aUeTiate  ttia  problem  somewhat  by  reroattog  and  resectorisation.  New  York, 
and  possibly  other  hobs,  will  be  In  serious  difflenlty  before  1980  without  more 
automatloB. 

^nie  Committee  studied  the  effects  of  increased  automation  in  the  New  York 
terminal  area ;  it  belleTOS  the  results  can  be  extrapolated  to  other  regions.  One 
conelnalen  was  that,  by  expanding  the  semi-automation  of  NAS  Stage  A  and 
ABTS  111  to  include  i^Melng,  sequencing,  and  conflict  prediction  and  resolution, 
and  by  adding  data  link,  two  to  three  times  the  present  traflic  could  probably  be 
handled  by  the  same  controller  work  force.  The  introduction  ot  antmuatic  IPC 
to  assure  separatkm  may  prove  sufflcimttly  successful  and  reliable  that  controller 
efliciency  may  be  increased  even  further.  Besectorization  and  non-direct  rout¬ 
ing,  taking  into  account  a  widespread  area  navigation  capability,  may  unload  the 
busiest  sectors  so  as  to  Increase  capacity  by  an  additicmal  factor  of  two  to  three, 
but  with  a  prtqtortlonate  Increase  in  the  number  ot  controllers. 

By  these  means,  the  control  function  of  the  upgraded  Third  Oeneration  Sys¬ 
tem  can  he  made  to  handle  the  traflic  projected  for  the  1990s.  Should  higher  lev¬ 
els  of  automation  prove  feasible,  it  would  be  possible  to  handle  the  traffic  of  the 
1990s  with  fewer  controllers. 

Data  aequMtkm/iata  link 

The  current  data  acquisition  system  is  working  effectively  and  receiving  wider 
user  acceptance.  Sifflculties  experienced  during  its  implementation  are  being 
overcome.  However,  to  provide  the  accuracy  and  speed  ot  response  required  for 
monitoring  dose  spaced  approaches  and  the  interference  free  capacity  that  will 
be  needed  when  all  aircraft  in  dense  airspace  are  transponder  equipped,  sub¬ 
stantial  modiflcations  will  be  needed. 

Data  link  Is  clearly  a  requirement.  Air-to-ground  communications  for  the 
Third  Generation  ATC  system  under  present  plans  is  limited  to  VHF  voice.  While 
ATCRBS  automatic  identity  and  altitude  reporting  will  unload  the  controller 
somewhat,  FAA  studies  indicate  that  controllers’  commnnications  workload  may 
seriously  limit  the  Increased  efficiency  available  from  automation.  Furthermore, 
an  automatic  s^miatlon  assurance  function,  such  as  IPC,  requires  at  least  a 
ground-air  data  link. 

The  Committee  believeg  that  the  ATCBBS  system  should  be  upgraded  by  (1) 
providing  for  the  use  of  phased  array  Interrogator  antennas  in  the  denser  hubs 
to  achieve  enhanced  accuracy  and  data  rate,  and  by  (2>  including  an  additional 
“discrete  address”  mode*  to  increase  capacity  in  the  denser  regions.  The  addi¬ 
tion  of  this  mode  would  permit  the  simple  addition  of  two-way  A’TC  data  link 
service  with  ample  capacity  for  the  tiuffic  forecast  for  199-5.  Thus,  upgraded 
ATCRBS  could  provide  a  common  data  acqnlsitlon/data  link  system  which 
would  operate  nationaUy  on  a  single  channeL 

The  Comiuittee  has  condncted  preliminary  system  design  stndies  and  finds 
a  Bumber  of  ways  to  pertwm  this  upgrading  which  differ  In  the  degree  to 
which  they  modl^  the  present  system.  AH  of  these  approaches,  however,  are 
compatible  with  contlnned  use  of  the  transponder  equipment  presently  being 
produced.  Comprehensive  system  engineering  is  required  to  specify  the  up¬ 
grading  program  in  detail. 

Many  members  of  the  aviation  community  believe  ATCBBS  should  be  up¬ 
graded  along  these  lines.  There  are  others  who  believe  that  a  new  system  using 
mnltilateration  should  be  introduced  in  parallel  with  ATCRBS  and  should  then 
gradually  supplant  it. 

The  Committee  has  compared  these  approaches  and  unanimonsly  agrees  that 
the  ATCRBS  should  be  upgraded  rather  than  replaced.  This  conclusion  is  based 
on  studies  of  (T)  feasibility  and  cost  of  incrementally  and  compatibly  upgrading 
the  ATCRBS,  and  (2)  technical  rlAs*  and  incompatibility  of  the  various  mnlti¬ 
lateration  systema 

navigation  and  landing  aide 

The  VORTAjC  navigation  system,  while  leas  accurate  and  more  wasteful  of 
bandwidth  than  modem  technology  could  provide,  can  be  compatibly  and  incre¬ 
mentally  upgraded  so  that  It  will  present  no  imp^iment  to  the  growth  of  avia¬ 
tion  before  the  1900s. 


•  Only  designate  aircraft  are  In^emMfcated. 

•  PrmiaTfly  molopatha  and  sltlnlt  profllviiM. 
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It  l8  poBsibte  to  navigate  rontea  aeparated  by  two  miles  near  busy  terminals 
atiliaing  VOB/DMll,  area  navigators  and  modem  flight  directors  assuming 
mmaitoilag  by  the  upgraded  ATCRBS. 

A  navi^tlon  feature  is  availaUe  in  the  data  Unk/data  acquisition  system. 
Because  the  location  of  all  equipped  aircraft  is  known  continually  to  the  ground 
computer,  position  information  can  be  made  available  to  the  pilot  on  request 
via  the  data  up-Unk.  The  navigation  accuracy  would  be  better  than  %  mile 
anywhere  in  the  service  area.  It  is  not  suggested  that  navigation  information 
derived  in  this  matter  substitute  or  replace  the  basic  VORTAC  system.  It  should 
prove  useful,  however,  for  updating  a  dead  reckoning  system  or  confirming 
and/or  refining  any  other  air-derived  position  Information. 

The  Committee  recommends  rapid  implementation  of  the  scanning  beam 
mlcrpwave  ILR  It  provides  (1)  Increased  accuracy  and  reliability  doe  to  free¬ 
dom  from  site  and  overflight  effects,  and  (2)  guidance  information  for  curved 
approaches  and  variable  glide  slopes,  all  leading  to  increased  capacity  at  mini¬ 
mum  noise  levels. 

Back-up  tyttcmt 

The  lives  of  tens  of  thousands  of  people  may  depend  on  the  continuity  of 
operation  of  the  ATC  system.  The  inherent  reliability,  redundancy,  and  recovery 
modes  from  failure  must  be  designed  with  extreme  care. 

The  ATC  equipment  must  be  designed  so  that  massive  ground  failure  is  ex¬ 
tremely  unlikely.  The  equipment  must  be  inherently  reliable  and  be  designed 
to  withstand  external  failures,  such  as  power  loss,  lightning,  etc.  It  must  be 
engineei'ed  for  sophisticated  preventive  maintenance.  It  must  be  installed, 
operated,  maintained,  and  frequency  tested  so  as  to  ensure  that  the  design 
reliability  is  achieved. 

The  ATC  system  must  be  able  to  recover  from  (1)  failure  of  portions  of  the 
ground  environment,  (2)  failure  of  airborne  equipment,  and  (3)  an  aircraft’s 
deviation  from  its  prescribed  flight  path.  The  design  of  these  recovery  modes 
becomes  more  demanding  as  trafiic  density  increases.  Mnltii^e  coverage  should 
be  the  inime  recovery  mode  to  ground  failure,  i.e.,  each  center  should  be  backed 
up  by  neighboring  centers  and  major  terminals  within  the  center;  critical  data 
acquisition  rites  should  be  covered  by  neighboring  sites;  terminals  would  be 
backed  up  by  the  center. 

£!mergeacy  procedures  for  safe  recovery  from  failure  should  be  an  integral 
part  of  the  original  system  design.  Recovery  actions  in  which  both  pilot  and 
controller  must  participate  should  be  well  understood  and  frequently  simulated 
by  all  participants.  The  procedures  for  such  rare  failures  need  not  be  at  all 
expeditious  nor  need  they  be  as  safe  as  measures  that  would  be  used  normally. 

The  Ck>mmittee  considered  the  need  for  mandatory  autonomous  back-up  air¬ 
borne  equipment,  such  as  sttationkeepers.  It  is  inclined  to  the  belief  that  overall 
ground  system  rellabiilty  plus  emergency  recovery  procedures  will  be  sufficiently 
effective  to  render  such  equipment  of  doubtful  value.  This,  however,  only  reflects 
the  Committee’s  judgment  since  no  comiwehenslve  study  of  the  relationships 
between  systmn  design  and  recovery  modes  is  available. 

Radar  skin  tracking  Is  now  assuming  a  back-up,  rather  than  primary,  role  as 
the  implementation  of  ATCRBS  proceeda  la  this  role,  it  backs  up  the  ground  in¬ 
terrogator  as  well  as  imoviding  skin  tracks  on  aircraft  without  operable  beacons. 

Radar  is  still  extremely  useful  in  NAB  and  ARTS  tracking  functions  when 
ATCRBS  data  is  missing  due  to  aircraft  shielding  or  poor  data  reliability  due  to 
over-interrogation,  garblimg,  or  fruit. 

Even  though  ATCRBS  reliability  is  Improving,  until  such  time  as  multiple 
anUnnas  are  Installed  on  larger  aircraft,  transponder  replies  wlil  fail  routinely 
on  certain  departure  and  approach  routes,  and  automation  progams  will  use 
radar  data  in  this  portion  of  the  airspace. 

As  traffic  density  increases,  the  cost  of  correlating  radar  data  and  ATCRBS 
data  to  find  the  unequi|q>ed  intruder  or  failed  equipment  becomes  substantial, 
and  i)erhat>s  more  than  the  cost  of  transponders  on  all  aircraft  that  would  not 
otherwise  require  them.  Wider  implementation  and  increased  reliability  of  trans¬ 
ponders  will  reduce  the  threat  of  the  nnequipi>ed  intruder  and,  in  time,  render 
a  primary  radar  system  unnecessary  for  air  traffic  control,  although  its  use  for 
air  defense  and  weather  data  may  continue. 

There  is  a  procedural  response  to  airborne  eqnijnnent  failure.  Back-up  proce¬ 
dures  using  radio  commnnications  and  VORTAC  can  be  initiated  with  the 
aircraft  whose  transponder  or  data  link  has  failed. 


38-681—70 - 1 


46 


Tbe  CJonunlttee  endones  stops  being  taken  to  enconrage  widespread  adoption 
of  the  transponder.  The  TAX  sbonid  also  consider  the  possibility  of  requiring 
transponders  as  initial  equipment  on  all  new  aircraft  Larger  aircraft  should 
carry  multiple  beacon  antennas  to  assure  reliability  of  the  data  acquisition 
system  during  turns  and  climh/descent  maneuvers. 

The  air  derived  collision  avoidance  system  (CAS)  has  been  suggested  as  a 
means  for  protecting  against  an  aircraft  which  has  deviated  from  its  prescribed 
flight  path,  either  because  of  an  aircraft  failure  or  an  ATC  system  failure.  While 
such  might  prove  satisfactory  for  isolated  or  momentary  failures,  the  CAS 
has  never  been  proposed  as  a  substitute  for  the  ground  based  ATC  system. 

For  CAS  to  serve  its  intended  purpose  in  an  Isolated  or  momentary  failure, 
It  is  important  that  the  CAS  alarm  region  be  less  than  the  ATC  separation  be¬ 
ing  employed,  otherwise  its  false  alarm  rate  and  interaction  on  ATC  would  be 
unacceptable.  Tbe  separation  employed  by  ATC  is  determined  by  the  accuracy 
and  data  rate  of  the  ATC  data  acquisitiou/data  link,  and  the  response  time 
of  the  control  and  aircraft  systems.  There  is  some  doubt  that  the  CAS  alarm 
region  can  be  made  sufficiently  small  for  all  airspace  in  a  system  based  only  on 
range  and  range  rate  information.  This  will  become  more  critical  as  traffic 
density  Increases  and  as  ATC  separation  standards  are  decreased.  The  exchange 
of  additional  information  in  the  C.\.S  may  help,  but  this  complicates  the  equip¬ 
ment  further  and  would  add  to  Its  cost,  thus  limiting  the  possibility  of  wide¬ 
spread  adoption.  Without  broad  Implementation,  there  is  little  utility  to  CAS. 
In  spite  of  this  limitati<ni,  the  Committee  recognizee  that  some  airlines  may  elect 
to  implement  CAS.  The  FAA  should  study  CAS  performance  to  determine 
to  what  extent  It  may  be  a  useful  supplement  to  the  ATC  system. 

The  recommended  upgraded  third  generation  system 

In  summary,  the  recommended  upgraded  Third  Generation  System  includes ; 
scanning  beam  microwave  ILS  for  lauding  and  terminal  navigation:  airports 
that  are  designed  for  high  capacity;  improved  VOB/DME  for  en  route  and 
terminal  navigation  with  wide  implementation  of  area  navigation;  a  discrete 
addressed  ATCRBS  that  incorporates  an  integral  data  link  (of  varying  sophis- 
ticatioa,  depending  on  the  aircraft)  and  that  employs  phased  array  ground 
interrogators;  automatic  intermittent  Positive  Control,  at  least  in  the  denser 
po.sltions  of  Mixed  Airspace,  to  safeiy  handle  increased  traffic  while  maintaining 
freedom  of  flight ;  an  increased  capability  of  NAS/ARTS  as  far  up  the  automa¬ 
tion  ladder  as  becomes  possible;  and  a  coupling  of  the  control  function  to 
aircraft  via  data  link. 

PI.AHKINO  FOB  THE  FCTCBE 


Fourth  generation  system 

While  the  upgraded  Third  Oeneratimi  System  appears  able  to  handle  the  traffic 
estimated  into  the  IfldOs.  it  is  likely  to  exhibit  significant  deficiencies  before 
the  end  of  the  century ;  specifically : 

The  semi-automatic  control  process  may  be  near  saturation  at  major  hubs, 
and  non-direct  routing  may  be  required  at  peak  hours  to  achieve  capacity. 

The  controller  population,  in  spite  of  the  added  efficiency  provided  by  a 
fully  implemented  NAS/ ARTS,  may  have  grown  to  35.000  or  more. 

Route  seimration  requlrmnents,  especially  in  transitional  airspace,  imposed 
by  navigadon  errors  may  force  additional  non-economic  routing  and  m.ay 
contribute  to  control  system  saturation. 

Accuracy  and  coverage  of  navigation  and  surveillani-e  may  lie  inadequate 
to  meet  V/STOL  air  carrier  needs  and  also  inadequate  to  meet  both  general 
aviation  and  the  air  carriers’  needs  in  remote  areas. 

The  Improved  DME  system  may  be  at  the  limit  of  its  capacity. 

While  ad  hoc  Axes  could  be  used  to  overcome  some  of  these  deficiencies,  the 
Committee  feels  a  Fourth  Generation  System  should  be  in  orderly  development 
which  can  supplant  the  upgraded  Third  (^neration  System. 

Poosible  components  of  a  Fourth  Generation  System  were  studied  using  twice 
the  demand  forecast  for  1996.  The  ttdal  U.S.  fleet  was  assumed  to  consist  of  one 
million  aircraft,  with  a  peak  instantaneous  airborne  count  of  100.000.  This  fleet 
was  almost  all  general  aviation  aircraft,  but  the  one  percent  which  is  air  car¬ 
rier  made  ten  percent  of  the  flights  and  generated  eighty  to  ninety  percent  of 
the  passenger-and-crew  miles. 

Universal  coverage,  improved  system  accuracy,  and  much  higher  levels  of 
automation,  if  feasible  at  reasonable  cost,  could  overcome  the  long-term  pro- 
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Jected  deficiencies  of  the  upgraded  Third  Generatton  System.  The  Committee’s 
reriew  of  future  possibilities  identified  space  and  computer  technology  as  offering 
the  greatest  potential  advantages. 

A  more  automatio  ATO  system 

To  obtain  an  understanding  of  the  feasibility  and  cost  of  proceeding  towards 
a  greater  degree  of  automatic  ATC  operation,  a  study  was  made  of  the  Los 
Angeles  Basin  under  the  design  conditions  for  the  Fourth  Generation  System. 
'Hie  en  route  area  (approxintately  400  x  800  miles)  was  assumed  to  have  an 
instantaneous  airborne  count  of  8000.  Of  these,  4200  were  in  the  terminal  area,  a 
region  60  x  120  miles  in  area  by  10,000  feet  in  altitude.  Within  this  region  were 
12  high  density  terminals.  The  study  was  limited  in  that  it  did  not  address  the 
problems  of  the  highly  sophisticated  logic  that  would  be  required  for  full  auto¬ 
mation,  or  the  difficult  software  problems  Involved.  It  did,  however,  assess  in 
detail  the  computer  requirements  for  all  of  the  calculations  that  would  be  re¬ 
quired  once  a  sitecific  control  strategy  had  been  selected.  The  conclusitm  was  that 
the  computer  technology  of  1975  will  be  adequate  to  (.■ope  with  twice  the  projected 
1995  traffic.  The  computer  costs  for  automation  of  the  Los  Angeles  Basin,  both 
terminal  and  en  route,  for  the  traffic  defined  above  were  surprisingly  low — less 
than  $50  million. 

Adding  the  functions  of  conflict  prediction  and  resolution,  spacing,  sequencing, 
and  metering  with  ground-air-ground  data  link  to  the  semi-automatic  NAS 
Stage  A  and  ARTS  III  automates  all  normal  ATC  functions.  But  this  is  not  the 
limit  to  automation  possiblIitie.s.  A  higher  level  of  automation  would  have  the 
controller  provide  system  status  inputs  such  as  weather  and  wind  shifts,  blocked 
runways,  aircraft  emergencies,  ATC  equipment  falluresv  and  the  ATC  system 
automatically  accommodates  to  these  inputs  in  directing  traffic.  Such  a  higher 
level  of  automation  requires  a  system  design  and  reliability  (both  .software  and 
hardware)  such  that  no  emergency  develops  that  cannot  be  resolved  by  the  man- 
machine  combination.  In  such  a  system,  man  is  the  manager  and  exercises  stra¬ 
tegic  control  of  the  system.  Whether  the  upgraded  Third  Generation  System 
should  be  used  in  this  manner  can  only  be  answered  after  accompUsbiag  the 
recommended  research  and  development  program. 

The  initial  studies  of  automatic  Intermittent  Positive  Control  for  Mixed  Air¬ 
space  seem  sufficiently  promising  that  applications  of  IPC  to  those  positive  con¬ 
trol  sectors  where  merging  and  sequencing  are  infrequent  should  be  thoroughly 
tested. 

In  addition,  the  Committee  recommends  the  prompt  initiation  of  a  system  study 
that  determines  whether  the  higher  levels  of  automation  achieved  by  the  in¬ 
cremental  additions  to  NAS/ARfi^  would  be  fundamentally  different  from  an 
automation  program  that  was  derived  from  basic  considerations  of  air  traffic 
flow  capacity  and  safety. 

In  summary,  the  Committee  recommends  three  parallel  approaches  toward 
higher  levels  of  automation — incremental,  but  rapid,  additions  to  the  NAS/ARTS 
-program  for  positive  control  and  dense  terminal  airspace ;  IPC  for  Mixed  Air¬ 
space  and  possibly  some  positive  control  regions;  and  fundamental  studies  of 
higher  levels  of  automation. 

■SatelUte  systems 

Three-dimensional  position  accuracy  of  a  hundred  feet  and  universal  coverage 
appear  attainable  from  a  properly  designed  satellite  system.  Because  of  relatively 
high  elevation  angle,  satellites  can  have  less  multipath  involvement  than  any 
ground  based  sensors. 

The  aipbome  component  of  such  a  sy.stem  might  be  comparable  in  co.«t  to 
present  transponders  If  all  computations  were  performed  on  the  ground  and 
relayed  via  satellite  to  the  users,  and  the  satellites  employed  high  power  and 
highly  directive  antennas. 

A  satellite  based  system  might  cotitribute  to  solving  such  perennial  aviation 
problems  as  low  altitude  navigation  and  surveillance  for  V/8TOL  aircraft, 
separation  assurance  for  air  carriers  engaged  in  infrequent  services  to  low 
^ienslty  regions,  the  need  for  approach  aids  at  remote  airports." 

The  Committee  considered  one  such  system  employing  a  constellation  of  five 
synchronous  satellites  designed  to  serve  all  the  CONUS  airspace,  provide  up  to 


In  addition  to  aviation,  there  will  be  a  wide  range  of  users  for  a  precision  navlgatlon- 
survelllance-data  system  which  does  not  snlTer  the  usual  Ilne-of-sight  reetrlotlons.  Marine 
searrh  and  rescue,  police  and  fire,  and  many. military  users  could  be  compatibly  served  at 
(lata  rates  wblcli  would  add  little  additional  to  the  aviation  load. 
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100,000  inBtantaneons  participating  aircraft  precision  navigation  (including  alti¬ 
tude),  data  acqut^tlon,  and  ATG  data  link  services.  The  annual  cost  for  the 
satellites  and  associated  ground  equipment  appears  to  be  less  than  $100  million. 

The  major  technical  and  operational  problems  relate  to  (1)  the  development 
of  a  signal  processing  system  adequate  for  the  traffic  within  a  reasonable  band¬ 
width,  and  (2)  achieving  the  rellabiUty  demanded  of  a  system  that  is  con¬ 
centrated  as  compared  to  the  current  diffuse  system,  especially  iuuuimity  frmn 
failing  catastroiffiically  due  to  hostile  human  acts.  Committee  recommends 
a  research  program  relating  to  these  problems. 


6.  RBcomiEitnio  Dxvelopuent  PBooaaM 

The  PAA’s  problmu  is  similar  to  that  of  a  public  utility — a  steady,  fairly  pre¬ 
dictable  growth  in  demand  requiring  a  cmitinnlng  growth  in  scn-icesi  with  an 
accompanying  growth  in  technology.  An  appropriate  response  to  this  sitnatlon 
involves  both  long  range  planning  and  a  continuing  RAD  program  to  prepare  for 
future  needs.  The  Committee  has  been  hampered  In  its  efforts  by  a  lack  of  an 
adequate  RAD  and  data  base  on  which  to  predicate  its  recommendations.  This 
is  related  to  a  long  history  of  austere  RAD  budgets  for  air  traffic  control.  The 
Committee  Is  convinced  that  a  policy  of  low  RAD  expenditnres  Is  not  economical, 
but  is.  In  the  long  run,  very  expensive,  especially  in  an  area  of  high  and  rapidly 
advancing  technology  snch  as  air  traffic  control.  In  addition  to  the  major  RAD 
investment  needed  In  the  near  future  to  cope  with  the  present  problem,  the 
Committee  recommends  a  general  policy  of  increased  RAD  effort  for  air  traffic 
control.  However,  to  be  effective,  this  effort  must  be  closely  coupled  to  overall 
system  planning  and  system  engineering.  System  engineering,  in  tnm,  requires 
an  intimate  knowledge  of  current  operating  problems. 

The  research  and  development  recommendations  are  categorized  into  three 
major  groups : 

1.  Increase  airport  capacity  to  satisfy  the  demands  in  the  1975-1980  period 
and  beyond. 

2.  Provide  en  route  and  terminal  airspace  capacity  adequate  for  the  traffic 
of  the  1980b. 

3.  Determine  the  ingredients  of  a  Fourth  Generation  ATC  System  for  the  post 
1990  period. 

Program  1  ohjective. — Increase  Airport  Capacity. 

1.1  Perform  major  urban  airport  system  studies  dealing  with  capacity  In¬ 
crease  and  noise  reduction  possible  through  (a)  dual  lane  runways;  (b)  close 
spaced  parallel  runways ;  ( c)  curved  approaches  based  on  scanning  beam  micro- 
wave  ILS;  (d)  two-step  glide  slope;  (e)  power  cutback  during  cUmb ;  (f)  retrofit 
of  the  4-«nglne  Jet  fleet  with  quiet  naceiles;  and  (g)  addition  of  terminal  auto¬ 
mation  capability  of  the  ARTS  III  program,  such  as  command  control  sequencing 
and  data  link  formatting.  Estimated  duration,  2  years;  estimated  cost,  $4 
million. 

1.2  Develop,  test,  and  evaluate  a  wide  angle  scanning  beam  microwave  ILS 
for  the  high  density  terminal  as  well  as  a  simplified  microwave  ILS  for  the  low 
density  or  general  aviation  airport.  Develop  the  airborne  course  computers 
to  operate  with  the  scanning  beam  microwave  ILS  so  as  to  perform  system  tests. 
Evaluate  fearibillty  of  transmitting  aircraft  cross  track  position  to  the  ground. 
Estimated  duration,  3  years;  estimated  cost,  $10  million. 

1.3  Conduct  flight  tests  to  (1)  verify  the  safety  of  closed  spaced  parallels 
and  curved  approaches,  utilizing  guidance  derived  from  the  scanning  beam 
microwave  ILS,  and  (2)  prove  the  safety  of  nominal  time  separation  and  reduced 
longitudinal  separations  utilizing  the  recommended  data  acquisition  system 
as  a  monitor.  Estimated  duration,  3  years;  estimated  cost,  $8  million. 

1.4  Dev^op  procedures  for  evaluating  the  wake  turbulence  hazard  and  meas¬ 
uring  vortex  locations  and  intensity  and  for  providing  this  information  to 
ATC.  Test  the  vortex  snctlon  technique  for  clearing  runways  of  wake  turbulence. 
Conduct  exploratory  work  finding  vortex  decay  by  blowing.  Estimated  dura¬ 
tion, 3  years;  estimated  cort:  $6  million. 

1.5  Develop  systems  for  detection  and  control  of  aircraft  and  vehicles  on  the 
aiwri  surface.  Estimated  duration,  3  years ;  estimated  cost,  $10  million. 

Pribram  2  otjeetive. — Increase  the  En  Route  and  Terminal  Airspace  Capacity 
of  the  Third  Generation  Air  Traffic  Control  System  to  Accommodate  Trafilc 
up  to  the  1980’s. 
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2.1  Conduct  a  system  integration  study  ot  the  ax>graded  Third  Generation 
air  traffic  control  system. 

(a)  Integrate  the  upgraded  ATCRBS,  including  its  data  linlc  and  computation 
facilities  with  the  upgraded  NAS  and  ARTS  systems. 

(b)  Develop  an  upgraded  ATCBBS  Implementation  plan  with  and  wiUiout 
a  fr^uency  change  from  1030-1090  to  1060-157SL  Study  the  feasibility  of 
operating  components  ot  the  current  ATCBBS  at  1560-1575,  as  well  as  Incorpo¬ 
rating  a  data  link. 

(c)  Define  the  seryices  that  should  be  provided  in  Mixed  Airspace  when  air¬ 
craft  are  equipped  with  the  upgraded  ATCBBS.  Where  are  “VTO  Highways” 
appropriate,  what  is  required  to  enter  and  navigate  them,  where  is  IPC  service 
appropriate,  how  does  the  mix  of  ni^raded  ATCBBS  and  standard  ATCBBS 
beacon  affect  the  quality  of  IPG?  Develop  and  evaluate  IPO  eonfilct  detection 
and  resolution  software  for  various  traffic  densities  and  distributions.  Develop 
and  evaluate  “VTR  Eb^way”  concepts  and  toe  required  software  for  various 
traffic  densities  and  distoibutlon. 

(d)  Define  the  services  that  should  be  provided  in  Positive  Controlled  Airspace 
when  the  ATC  data  link  beacons  are  part  of  the  upgraded  ATCBBS.  How  are 
clearances  requested,  provided,  and  verified?  How  are  ATC  commands  in  toe 
en  route  and  terminal  airspace  provided  and  acknowledged?  How  are  ATC 
warnings  and  missed  approach  directives  provided?  How  do  these  services  reflect 
in  the  system  design? 

( e)  Develop  a  comprehensive  reliability  plan  for  toe  'ffiilrd  Generation  Systmn, 
including  the  ATCBBS,  ARTS,  NAS,  towers,  landing  and  navigation  aids,  radar 
surveillance,  and  communication  systema  The  recovery  modes  from  failure  of 
any  of  the  components  of  the  system  or  its  interconnections  should  be  carefully 
developed.  Simulation  of  these  recovery  modes  should  be  conducted  with  great 
care,  and  personnel  should  be  rehearsed  in  their  execution.  A  comprehensive  plan 
for  increasing  toe  inherent  reliability,  for  providing  sophisticated  preventive 
maintenance,  and  for  improving  the  reliability  of  toe  present  systmn  should  result 
from  this  study.  Another  result  should  be  the  specification  of  toe  inherent 
reliability,  redundancy,  and  recovery  modes  of  the  upgraded  Third  Generation 
System.  This  should  be  verified  by  real  time  simulations.  Specifications  should  be 
prepared  for  all  parts  of  toe  system  as  a  result  of  these  tests.  If  these  tests 
indicate  an  independent,  air  derived  back-up  mode  is  required,  specifications 
should  be  prepared  and  its  integration  with  toe  ground  environment  should  be 
specified.  Estimated  duration,  3  years ;  estimated  cost,  $25  million. 

2.2  ModHv  the  ATCBBS  to  provide  Increased  surveillance  accuracy  and  to 
achieve  better  reliability  by  adding  a  discrete  address  mode  data  link  function. 
The  ground  based  interrogator  in  a  high  density  terminal  should  be  a  phased 
array  with  substantial  horizontal  and  vertical  aiiertnre.  The  interrogator  for  the 
small  terminal  should  be  developed.  The  sophisticated  airborne  component  should 
be  capable  of  (1)  100-200  foot  range  accuracy,  and  (2)  initiation,  receipt,  and 
verification  of  flight  clearances.  The  general  aviation  airborne  com^nent  should 
be  capable  of  verification  and  acknowledgment  of  IPC  commands  and  initiation, 
receipt,  and  verification  of  “VFB  Highway”  Information  should  the  system  study 
Indicate  this  mode  to  be  desirable.  Develop  a  reliable,  low  cost  altitude  encoder. 
Estimated  duration,  3  years,  but  requires  priority:  estimated  cost,  $40  million. 

2.3  Develop  toe  Ml  center  automation  (NAS)  program,  including  conflict  de¬ 
tection  and  resolution,  flow  control  sequencing  and  metering,  and  those  portions 
of  IPC  and  ATO  data  link  assigned  to  the  centers  as  a  result  of  2.1.  Provide  ex¬ 
perimental  facilities  for  simulation  and  live  testing.  Estimated  duration,  3  years ; 
estimated  oos^  $30  million. 

2.4  Develop  the  full  ARTS  program,  including  command  control  sequencing, 
threat  evaluation  of  deviation  from  parallel  courses,  intruder  detection  and  reso¬ 
lution,  and  those  IPC  and  ATC  data  link  functions  assigned  to  ARTS  as  a  result 
of  2.1.  Provide  experimental  facilities  for  simulation  and  live  testing.  Estimated 
duration,  8  years ;  estimated  cost,  $80  million. 

2.5  Institute  an  adequate  research  program  in  the  techniques  and  data  collec¬ 
tion  area  to  assure  a  more  complete  data  base  for  future  development  in  various 
areas.  This  would  Include  research  into  multtpat^  coding,  and  synchronous  tech¬ 
niques,  improvmnent  of  communication  system  rellBhQlty,  and  review  of  satel¬ 
lite  system  technology  for  over  ocean  surveUlaoce'andtconunnnlcation.  Estimated 
durattoiB,  3  yefirs ;  estimated  cost,  $15  million. 

Program  S  ob/eoftoe.— Test  the  Feasibility  of  Major  Innovations  in  the  Air 
Traffic  Control  Systeih  that  Might  be  Key  Ingredients  of  a  Fourth  Generation 
System. 
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3.1  Studies  On  automating  the  ATC  system.  Is  it  possible  to  achieve  the  i-i'lia- 
bllity  in  software  and  hardware  necessary  when  the  ATC  decision  process  is 
mechanised?  What  is  the  man-machine  relationship  as  automation  proceeds  well 
beyond  the  NAS  and  ARTS  level  ?  Will  an  automation  approach  based  on  funda¬ 
mental  air  trafiBc  flow,  capacity,  and  safety  consideration  be  different  and  better 
than  incremently  increasing  the  automation  capability  of  NAS 'ARTS’-  Esti¬ 
mated  duration,  5  years ;  estimated  cost,  $15  million. 

3.2  Conduct  system  studies  on  the  use  of  a  cluster  of  synchronous  satellites  as 
a  base  for  data  acquisition,  navigation,  communication  system  for  aircraft  in 
the  continental  United  States.  Stndy  a  signal  processing  system  adequate  to  serv¬ 
ice  an  instantaneous  airborne  aircraft  In  the  post  1990  period.  Study  the  vul¬ 
nerability  of  a  satellite  system,  including  its  ground  complex.  These  problem.^ 
and  others  should  be  part  of  this  study  to  determine  the  feasibility,  economic.-, 
and  desirability  of  a  system  employing  .satellites  as  a  data  base  for  an  air  traf¬ 
fic  system  in  the  period  beyond  1990.  Estimated  duration,  3  years;  estimated 
cost,  $10  miUlon. 

The  recommended  research  and  development  effort  is  not  exhaustive,  it  treats 
only  items  of  highest  priority.  Some  of  the  programs  are  Included  in  FAA  plans 
or  are  based  on  previous  FAA  efforts.  Some  are  not.  All  are  organised  to  pro¬ 
vide  the  basis  for  achieving  a  given  system  objective  (in  safety,  efficiency,  or 
capacity)  by  a  certain  time.  The  recommended  funding  levels  are  estimated  to 
complete  the  R.  &  D.  in  advance  of  the  predicted  requirements. 

TABLE  S-l.— RECOMMENDED  DEVELOPMENT  PROGRAM  CONTRACT  COSTS 


Prscnm 


Cost  Duration 

(in  millions)  (in  years) 


1.  Increase  airport  capacity: 

I.l  Uitm  airport  rotrofit  studios . 

ijt  Mterowavo  ILS  dovolopmont . 

1.3  FJIoht  lasts  of  roducsd  sopontioi). 

1.4  Wake  turtiulenco  studios . 

1.5  Airport  surface  traffic  control _ 


54 

10 

8 

5 

10 


2 

3 

3 

3 

3 


Tout . 

2.  Increase  airspace  capacity: 

2.1  System  Integration  study.. . 

2.2  Develop  discralo  address  ATCRBS. 

2.3  NAS  automation  extension.. . 

2.4  ARTS  automation  extension . 

2.5  Technique  davofopmonts . 


37 


25 

40 

30 

30 

15 


3 

3 

3 

3 

3 


Total .  140 


3.  4tli-gofloraUon  system: 

3.1  Studies  toward  higher  automation . . . . . .  15  5 

3.2  Satellite  system  studies . . . . . .  10  3 


Total .  . M 

Grand  total .  202 


Mr.  Hechleb.  What  is  your  projection  of  how  long  it  will  take  for 
the  review  to  be  completed  ? 

Secretary  Begos.  It  is  going  to  take  some  time  to  convert  the  report 
into  a  meaningful  long-range  plan.  The  reason  is  that  there  are  a 
number  of  factors  that  have  to  be  taken  into  consideration  to  relate 
the  Alexander  recommendations  to  the  existing  program  the  FAA  has. 

In  addition,  we  have  the  pri^lem — our  intent  is  to  expand  the  air 
traffic  control  E.  &  D.  program  quite  substantially.  As  a  matter  of  fact, 
oiw  projection  is  that  witti  the  passage,  or  assuming  the  passage  of  the 
Airports  Airways  Expansion  Act,  we  will  more  tn^an  double  the  pro- 
gnim  and  perhaps  in  real  terms  probably  quadruple  the  program  be¬ 
cause  a  major  part  of  that  E.  &  D.  money  has  gone  into  areas  that  are 
not  strictly  E.  &  D.  on  the  air  traffic  control  system. 
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So  what  I  am  saying  is  that  we  are  right  now  wrestling  with  the 
problem  of  laying  out  the  long-range  R.  &  D.  program  in  this  expand¬ 
ing  program,  and  we  have  to  relate  the  Alexander  recommendations 
to  those  plans,  to  take  advantage  of  what  the  Alexander  committee 
developed  in  laying  down  a  plan  that  carries  into  the  1970’s.  Because 
that  is  w^t  he  is  really  talking  about,  he  is  talking  alxiut  10  years  out. 
And  having  had  some  experience  in  planning  research  and  dei  elop- 
ment  efforts,  planning  for  10  years  is  not  easy. 

It  is  a  difficult  process  and  you  have  to  make  projections  a.s  to  where 
you  think  you  can  go,  based  on  the  technology  of  today,  and  then  yon 
have  to  make  projections  as  to  where  you  think  you  will  be  able  to  go 
based  on  extrapolation  of  those  technologies. 

So  I  would  say  that  hopeful^  we  will  have  some  handle  on  our 
FAA  R.  &  D.  program,  the  R.  &  D.  program  that  we  have  in  the  Office 
of  the  Secretary’,  and  the  Alexander  report,  prior  to  the  passage  of  the 
1971  budget.  In  other  words,  I  think  we  will  be  able  to  grind  these 
things  into  the  1972  budget  cycle. 

Mr.  Hechler.  I  hope  yon  will  keep  this  committee  very  closely 
posted  on  the  progress  of  this  review  and  when  it  will  be  complfeted. 

Secretary  Beggs.  Yes,  sir. 

Mr.  Hechler.  You  have  been  an  official  in  NASA  and  now  that 
you  are  in  DOT  how  do  you  view  in  a  different  way  any  difference 
m  the  role  of  NASA  in  its  aeronautical  R.  &D.?  Have  you  changed 
the  relationship  any  or  do  you  have  any  fresh  ideas  as  to  how  NASA 
ought  to  proceed  on  its  aeronautical  R.  &  D.  in  the  future? 

Secretary  Beggs.  I  haven’t  really  changed  any  of  my  opinions  on 
the  role  that  the  two  agencies  should  play.  It  has  always  been  my  view 
that  the  proper  role  of  DOT-FAA  in  this  process  is  to  try  to  formulate 
objecti\es  and  to  try  to  outline  problem  or  problem  areas  in  such  a 
way  that  NASA  can  respond  by  working  them  into  their  research 
program.  I  think  there  probably  is  a  great  deal  more  that  we  can  do 
in  expanding  the  communications  between  the  two  agencies.  As  an 
example  of  an  improvement  in  the  communications  process,  we  will 
be  investigating  and  discussing  a  great  deal  how  we  can  take  advan¬ 
tage  of  the  NASA  research  centers  in  much  the  same  way,  or  along 
the  same  lines,  that  the  Army  has  been  using  Ames. 

There  also  is  I  think  a  great  necessity  to  expand  the  dialogue.  There 
has  been,  I  think,  kind  of  an  inhibition  to  crossing  certain  lines.  Par¬ 
ticularly  when  you  get  into  the  air  traffic  control  area,  there  has  been  a 
feeling  on  the  part  of  some  of  the  people  in  the  Department  that  there 
are  certain  Department  prerogatix  es  and  certain  NASA  prerogatives,, 
and  you  shouldn’t  cross  the  line. 

I  think  we  can  do  quite  a  bit  towards  looking  at  the  thing  more  as  a 
system  and  getting  both  DOT  people  and  NASA  people  to  work 
together  from  the  point  of  view  of  the  whole  air  system,  as  opposed  to 
“You  do  aeronautics,”  and  “You  do  air  traffic  control,”  and  the  twain 
will  meet  only  after  we  have  completed  the  research. 

Mr.  Hechler.  I  know  exactly  what  you  are  talking  about.  As  I 
commented  earlier  to  Mr.  Pelly  and  Mr.  Wydler,  we  face  the  same  prob¬ 
lem  here  in  Congi’ess,  of  the  inhibition  in  crossing  committee  lines, 
when  you  have  a  problem  that  really  ought  to  be  looked  at  as  one 
large  problem. 
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How  will  the  probability  of  the  passage  of  the  airport  airways  bill 
affect  NASA’s  aeronautical  research  in  the  future  ? 

Secretary  Begos.  Well,  it  will  not  directly,  although  as  I  ^id,  we  are 
exploring  ways  to  make  use  of  the  NASA  research  capability. 

Mr.  Hechler.  I  mean  particularly  that  bill  in  itself,  since  it  puts 
so  much  emphasis  on  planning,  to  stimulate  the  development  of  more 
planning  and  research  within  FAA  and  DOT.  Won’t  it  have  a  com¬ 
parable  effect  on  NASA’s  operations? 

Secretary  Begos.  We  would  hope  so.  We  would  hope  that  by  the 
exchan^  of  personnel  and  perhaps  by  actually  working  in  some  of 
the  N.^A  research  center  we  could  not  only  help  ourselves  by  stimu¬ 
lating  some  of  the  plans  and  research  processes  in  the  Department  of 
Transportation  but  perhaps  stimulate  further  efforts  of  NASA. 

It  has  always  been  my  view  that  the  program  in  NASA  was  in 
general  a  pretty  well  configured  program.  It  is  thin  in  certain  areas,  I 
believe,  and  I  think  there  is  room  for  expansion  of  several  of  the  areas, 
I  would  like  to  see  N ASA  do  more  in  some  areas. 

When  I  was  over  there,  recognizing  the  budget  constraints  that  we 
were  under,  we  tailored  the  program  in  the  best  way  we  knew  how,  and 
I  think  it  was  a  good  program,  and  I  still  think  it  is  a  good  program. 
As  a  general  rule  they  are  covering  all  the  necessary  areas,  but  as  I  said 
before,  I  think  it  is  thin  in  Sfwne  areas. 

I  would  like  to  see  it  expanded.  I  think  from  the  point  of  view  of 
that  expansion,  a  greater  interchange  between  us  will  stimulate  that. 

Mr.  Heciiler.  Specifically,  we  have  been  putting  a  lot  of  emphasis 
in  tills  committee  on  some  more  work  on  V/STOL  and  STOL  develop¬ 
ment.  Now  have  you  tried  to  set  any  more  specific  goals  on  the  speed¬ 
ing  up  of  this  type  of  research  by  NASA  toward  the  time  when  we  can 
really  utilize  demonstration  vehicles  ? 

Secretary  Beggs.  Mr.  Chairman,  I  think  we  in  DOT  have  to  get  our 
own  house  in  order  here  before  we  push  NASA  too  much  in  this  direc¬ 
tion.  We  are  trying  and  have  been  trying  to  get  a  demonstration 
going,  and  to  lav  some  plans  so  we  can  move  out  to  demonstrate  what 
can  ^  achieved  by  the  use  of  V /STOL  aircraft. 

We  have  talked  to  NASA  in  this  area  and  I  would  think  that  further 
efforts  in  this  area  are  justified  on  their  part,  but  I  think  we  have  to 
decide  clearly  in  DOT  how  far  we  are  going  to  go  in  the  demonstra¬ 
tion  area  before  we  can  move  forward  quickly  in  i^uesting  more  help 
from  NASA.  We  haven’t  done  that  yet.  That  is  regretful,  but  we 
haven’t. 

Mr.  Heculee.  If  you  speed  this  up  a  little  bit,  would  this  help  you 
overcome  some  of  the  airline  resistance  to  the  utilization  of  STOL  say 
in  the  northeastern  corridor  ? 

Secretary  Beggs.  Well,  it  might,  although  I  should  point  out  that 
this  is  not  all  a  one-sided  view.  STOL  aircraft  right  now  are  expensive 
to  operate.  There  are  some  aspects  of  their  operation  that  are  not  very 
well  defined  in  terms  of  safety  in  their  operation  within  the  system. 

They  have  some  marginal  capability  imder  poor  conditions,  pror 
flying  conditions,  that  give  the  airlines  some  concern  and  indeed  give 
us  quite  a  bit  of  concern.  On  the  other  hand,  they  do  offer  the  potential 
of  lending  some  hope  of  solving  this  system  problem  of  tremendous 
congestion  at  the  large  jet  ports,  and  really  about  the  only  way  you 
can  take  that  pressure  off  in  a  short-range  time  frame  is  to  rise  some¬ 
thing  like  V/STOL  at  landing  strips  that  get  away  from  the  jet  ports. 
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So  thw  are  potentially  of  great  interest  to  us,  but  they  do  have  some 
drawbacks.  I  think  you  have  to  look  at  both  sides  of  the  coin  when  you 
start  to  put  pi-essure  on  the  airlines  to  use  the  aircraft.  My  Mrsonal 
view  is  mat:  the  answer  here  is  to  get  a  desmonstration  started  and  to 
start  flyii^  aircraft  in  actual  service  and  find  out  what  we  can  do  with 
than.  This  has  always  been  the  way  the  ^stem  has  develoj^.  It  has 
been  someone  who  takes  the  bull  by  the  horns,  gets  something  going, 
and  finds  out  how  he  can  use  it  within  the  system  who  generally  proves 
out  whether  you  can  use  it  or  not. 

I  think  that  is  the  key  in  this  area.  And  we  are  trying  to  do  that. 
It  has  been  a  ^ow  and  tough  process,  but  we  are  trying  to  do  this, 
and  the  FAA  is  pushing  hard  to  get  a  demonstration,  going. 

Mr.  Htchlbil  I  congratulate  you  on  the  statement  you  have  just 
made,  which  objectively  weighs  just  what  the  STOL  can  do.  I  wonder 
whetner  DOT  has  mven  any  thought  to  developing  a  policy  on 
STOL,  for  example,  wiat  can  weigh  the  very  things  that  you  have  men¬ 
tioned  and  proj^  into  the  future  just  wnere  this  airplane  ought  to 
relate  to  our  oitire  transportation  system  ? 

Secretary  Begos.  We  had  Mr.  Secor  Browne  giving  a  lot  of  thought 
to  this  when  he  was  our  Assistant  Secretary  for  Research  and  Tech¬ 
nology.  He  unfortunately  ran  away  from  us  and  went  over  to  the 
CAB,  where  I  hope  he  is  still  thinking  about  it.  The  work  that  he  was 
doing  in  this  area  is  temporarily  in  abeyance  while  we  g^  ourselves 
another  Assistant  Secretary  for  that  area,  and  I  hope  we  will  have  one 
within  the  next  couple  of  weeks. 

I  ana  going  to  put  him  on  this  particular  subject  right  away  because 
I  think  it  is  an  area  that  needs  to  be  pursued  right  now. 

Mr.  Hechubr.  I  made  the  observation  at  yesterday’s  hearings  that 
I  thought  it  would  be  extremely  useful  for  the  Nation  to  have  a  na¬ 
tional  aviation  policy  formulate,  to  look  at  the  entire  picture  and  set 
forth  o\ir  goals  and  areas  we  ought  to  emphasize  and  work  toward  in 
the  future.  And  I  think  it  is  jus*  one  little  piece  of  that. 

Secretary  Begos.  Yes,  sir.  We  fully  concur  in  that.  We  found  it  is 
not  an  easy  process  to  formulate  national  policy.  You  know  the 
President  early  this  year  set  us  about  trying  to  formulate  an  entire 
policy  <Hi  transportation  for  the  Nation,  and  we  have  been  wrestling 
with  that  one  tor  about  a  year,  and  we  found  it  is  not  as  easy  as  it 
sounds  when  you  first  set  out  to  do  it. 

But  we  do  feel  that  in  a  similar  way  a  national  policy  on  aeronautics 
and  civil  air  transport  must  be  developed.  And  the  tmng  that  we  set 
Mr.  Larry  Greene  out  on  in  this  civil  aviation  study  was  to  come  up 
with  the  basic  papers  and  to  study  the  areas  that  related  to  the  national 
policy  in  aeronautics,  which  should  enable  us  at  the  time  that  study 
gets  downstream,  somewhere  within  about  a  year  or  so,  to  start  to 
grapple  with  the  question  of  how  one  puts  a  policy  like  this  together. 

PWiple  have  tried  their  hand  at  formulating  national  policy  on 
transportation  in  the  past.  I  have  read  a  number  of  those  studies, 
starting  with  the  Weeks  report  that  goes  back  20  years  or  so,  and 
while  they  did  very  well  in  what  they  were  setting  out  to  do  in  out¬ 
lining  the  problems,  the  formulation  of  policy  didn’t  quite  come  out 
as  well.  From  the  Weeks  report  through  the'studies  that  were  done 
in  the  latter  stages  of  the  Eisenhower  administration  and  President 
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Kennedy’s  report  in  the  early  ld60’s,  until  the  current  time  we  still 
haven’t  quite  come  up  with  what  we  need.  But  we  are  going  to  try. 

Mr.  Hechijbr.  Mr.  Helstoeki. 

Mr.  Helstoski.  One  question.  You  made  reference,  Mr.  Beggs,  to 
■a  study  that  was  conducted  in  regard  to  public  travel  patterns  toward 
•airports.  Is  this  some  scientific  study  that  was  made  by  DOT  ?  Is  it 
available? 

Secretary  Begos.  Yes,  I  believe  it  is  available.  I  will  dig  it  out  and 
send  it  up  to  you.  It  is  a  study  that  was  done  several  years  ago.  How 
scientific  it  is,  I  can’t  say.  It  was  one  of  a  number  of  econometric 
studies  that  have  been  done  from  time  to  time  relating  to  travel  in  the 
corridors  in  metropolitan  areas. 

There  have  been  a  number  of  these  econometric  models  constructed. 
The  Northeast  corridor  study,  which  has  gone  on  for  something  like 
■6  or  7  years,  relates  to  the  same  kind  of  problem,  that  is,  how  do  peo¬ 
ple  move  in  highly  concentrated  corridors,  in  all  modes  of  transpor¬ 
tation.  And  you  are  able  to  draw  some  conclusions  from  these  relative 
to  the  question  that  the  chairman  asked  me,  on  which  way — you  know, 
how  do  you  construct  a  system  so  as  to  truly  serve  the  traveling  pub¬ 
lic.  Because  you  find  in  these  things  that  people  are  moving  in  many, 
many  diflferent  ways  and  they  move  by  many,  many  different  modes 
as  they  go  from  place  to  place. 

One  of  the  interesting  things  that  comes  out  of  .some  of  the  North¬ 
east  corridor  studies,  for  example,  and  relates  to  the  problem  of 
V/STOL  transport,  is  that  the  average  speed  of  moving  from  Wash¬ 
ington,  D.C.,  to  New  York  by  almost  any  mode  that  you  can  think  of  in 
the  h  igh-den.sity  hours  is  about  the  same. 

I  mean  you  can  drive  there  or  you  can  drive  down  to  the  ai^rt  and 
take  a  plaW,  or  you  can  OTt  on  a  train,  and  you  get  there  with  about 
the  same  average  speed,  which  is  intererting  to  me. 

Mr.  Helstoski.  As  a  characterization,  I  said  scientific.  I  wonder 
whether  or  not  some  of  these  studies  were  conducted  by  airport 
authorities? 

Secretary  Begos.  Yes,  they  were. 

Mr.  Helstoski.  This  was  a  portion  of  the  total  study.  And  I  wanted 
to  contrast  it.  Some  of  the  study  also  included  what  I  consider  informal 
polling,  while  you  sit  in  a  plane  as  a  passenger  and  answer  several  ques¬ 
tions.  Some  of  the  polling  that  was  done  by  airlines  seems  to  me  was 
totally  improper  bwause  of  some  of  the  questions  that  were  asked 
in  conjunction  with  this  so-called  study  that  the  airline  was  making,  to 
make  a  determination  of  travel  patterns  of  the  public. 

They  were  extraneous  questions  and  it  had  nothing  to  do  with  it. 

I  had  a  second  question,  too.  This  is  something  that  constituents 
ask  o|uite  often.  Do  we  see  any  specific  benefits  that  inure  to  the  avia¬ 
tion  industry  as  a  consequence  of  our  space  program  today,  in  terms  of 
perhaps  communications  or  something?  I  know  we  get  the  general  an¬ 
swer  that  there  is  improvement  in  these  areas. 

What  I  am  speaking  of  is  in  terms  of  a  radical  departure  that  could 
be  employed  to  alleviate  traffic  congestion  or  perhaps  noise  abatement. 

Secretary  Beggs.  Well,  there  are  a  number  of  areas  that  have  pro¬ 
vided  benefit,  starting  with  the  basic  materials,  work  that  was  done 
in  the  program.  This,  of  course,  has  been  of  benefit  and  is  being  applied 
right  now  to  the  aviation  field. 
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The  area  that  pitiably  is  of  great^  interest  currently  is  a  satellite, 
system  for  navigation  and  communications.  I  think  we  are  within  a 
matter  of  2  or  3  years  from  having  a  satellite  communications  and  navi¬ 
gation  system  serving  at  l^at  the  international  flights.  This  will  be,  of 
coitrse,  a  very  material-  aid  in  accommodating  tm  large  increase  in 
traffic  we  expect  on  all  of  the  international  runs. 

There  are  any  number  of  developm^ts  that  have  taken  place  in  the 
-Space  Agency  that  have  been  applied  in  one  way  or  another  to  the  air 
traffic  control  system.  Some  of  the  display  work  that  we  are  doing  now, 
the  displays  for  the  air  traffic  control  centers,  draws  on  space  tech¬ 
nology.  Much  of  the  communications  work  does.  And  the  fact  that  we 
are  considering  going  up  into  L  band  communications  in  the  future  is 
probably  a  result  of  the  fact  that  the  technology  resulting  from  the 
space  effort  and  also  work  that  DOD  has  done,  has  progressed  to  the 
point  where  we  have  confidence  we  can  move  into  that  band  and  have 
equipment  which  works  and  is  economical. 

Mr.  Helstoski.  All  right. 

Thank  you,  Mr.  Chairman. 

Mr.  Wtdler.  Mr.  Chairman. 

Mr.  Hechler.  Mr.  Wydler. 

Mr.  Wydi.er.  a  few  additional  questions. 

Your  statement  on  page  7,  where  you  say  you  are  expanding  your 
research  in  noise  abatement.  What  dws  that  refer  to  specifically? 

Secretary  Begos.  We  are  pursuing  a  number  of  areas - 

Mr.  Wtdeer.  I  am  worried  about  the  expansion  now.  Is  that  in  dol¬ 
lars,  is  that  inflationary  expansion,  or  is  this  real  expansion? 

Secretary  Beqos.  No,  we  are  trying  to  put  some  more  dollars  into — 
primarily  this  is  directed  to  noise  suppression.  We  have  several  con¬ 
tracts  out  to  develop  economical  nacres  for  the  subsonic  jets,  which 
will  with  a  relatively  small  weight  penalty  provide  a  substantial  im¬ 
provement  in  noise,  in  the  order  of  five  or  six  PNdB,  perceived  noise 
in  decibels,  upwards  to  a  maximum  of  15  PNdB,  and  we  believe  that 
we  will  be  able  in  a  matter  of  a  year  or  two  to  have  something  that 
could  be  retrofitted  to  existing  transports  and  also  apply  to  new  trans¬ 
ports  that  will  materially  reduce  the  noise. 

I  think  the  major  hope  here - 

Mr.  Wtdler.  What  is  the  expansion?  That  is  what  I  am  interested 
in.  You  say  vou  are  expanding  it.  Now  what  are  you  doing  that  is 
expanding  it? 

Secretary  Begos.  We  are  putting  more  dollars  into  it,  Mr.  Wydler. 

Mr.  Wtdleb.  More  dollars  for  the  same  thing? 

Secretary  Begos.  Primarily  the  same  thing;  yes.  I  think,  though, 
that  the  major  hope  here  is  in  the  new  transport  like  the  747,  where 
from  the  beginning  in  the  design  of  the  transport  the  engine  and  air¬ 
frame  has  been  desired  for  a  low  noise  output.  That  airplane  will  be 
some  10  or  more  PNdB  quieter  than  the  existing  707’s. 

Mr.  Wtdleb.  Which  they  tell  me - 

Secretary  Begos.  Very  ^gnificant. 

Mr.  W TDLER.  Is  one-half  the  noise. 

Secretary  Begos.  That  is  right. 

Mr.  Wtdleb.  You  can  back  that  up  ? 

Secretary  Begos.  Yes,  sir. 

Mr.  Wtdleb.  Because  I  have  a  lot  of  people  who  question  that,  too, 
I  want  to  tell  you. 


Secretary  Wdl,  I  hedtate — that  c(»npatiTOn  has  been  made 

and'ih  the  scieht^c  sei^  it  Is  true.  But  I  hesitate  to  make  it  because 
if  you  $tood  bib^de  a  747,  it  worfd  bfe  pretty  noisy,  you  know,  but 
insofar  as  community  itoj^'  is  concerned,  the  noise  is  pei^ived 
on  the  ground,  it  iS  Very  thuch  q^eter,  one-half  as  noisy,  and  it  is  very 
striking  if  you  have  heard' it  fly  dver. 

Mr.  WTOuac.  W^Il,  Mr.  Pmly  has  had  that  advantage.  He  tells  me 
it  is  very  quiet,  but  he  didn’t  tell  me  how  high  that  airplane  was  that 
waS  goin^  over  his  hoiise. 

Mr.  PmxIt.  They  don’t  fly  very  high  when  they  are  going  over  my 
house,  I  can  tell  you  that. 

Secretary  Bicoos.  They  ran  an  experiment  out  at  Boeing  flying  a  707 
and  a  747,  <md  I  can  assure  you  that  there  is  a  very,  verj-  striking  dif¬ 
ference  between  the  noise  levels  when  each  aircraft  flies  at  the  same 
altitude. 

Mr.  Wtdler.  This  is  what  you  are  going  to  try  to  do  with  this  ex¬ 
panded  research  on  existing  jets  ? 

Secretaiy  Beoos.  That  is  correct,  yes,  sir,  we  are  going  to  provide 
enough - 

Mr.  WYnLia.  The  new  noise  levels  for  existing  jets  are  going  to 
take  into  account  the  fact  that  the  airlines  are  going  to  have  to  quiet 
those  engines  down  ? 

Secretary  Bbgos.  We  intend  to  do  that. 

Mr.  Wtdler.  I7ow,  just  as  an  aside,  this  Tupelov — this  Russian 
supersonic. 

Secretary  Btttos.  Yes,  sir. 

Mr.  WnftXR.  To  me  that  looks  just  like  the  B-70.  Is  tl^re  any  truth 
to  that  ?  I  mean  did  they  copy  the  B-70  or  did  they  get  one  or  what  ? 

Secretary  Beggs.  Wml,  me  Soviet  designers  are  known  to  take  the 
best  from  wherever  they  can  j^t  it.  Thev  have  indeed  borrowed  from 
other  designs  mkny  timfe^ri  the  past.  The  Tupeloys  have  a  very  in¬ 
teresting  cfesigninstittite.  It  is  a  father-and-son  combination. 

Frank  Bormatm,  when  he  made  his  tour  of  the  Soviet  Union,  visited 
the  Tupelov  Design  Institute,  and  the  two  "^pelovs  took  him  out  to  see 
the  transport  and  he  was  very,  very  much  impressed  with  the  airplane. 
They  took  him  all  through  itand  sat  him  in  the  cockpit. 

I  saw  him  shortly  a&r  he  returned,  and  he  said  it  is  a  very,  very 
fine  madiine.  He  was  very  much  impressed  with  it. 

Mr.  Wtdler.  Finally,  what  would  really  happen — because  jieople 
have  sug^sted  it  to  me-^what  would  really  happen  economically, 
and  what  would  happen  to  the  economic  arguments  for  that  matter, 
if  our  country  was  si  inply  to  say  that  we  weren’t  going  to  allow  any  of 
the  supersomfe  jets  to  use  Kennedy  Airport?  Wliat  would  happen  to 
the  international  ntarket  foV  these  aircraft  ? 

Secretaty  Bi  .  ?s.  Wdfl - - 

Mr.  Wtdler.  Has  anybody  ever  thought  about  that  ? 

Secretary  Beggs.  For  one  thing,  they  would  land  in  Canada,  liecause 
the  Canadians  have  welcomed  them. 

Mr.  Wtdler.  I  am  sure  they  do.  They  could  land  in  Siberia,  too. 
But  very  few  people  want  to  go  to  Siberia  or  Canada.  I  asked,  and 
the  question  is  if  a  person  wants  to  come  to  New  York  or  the  New 
York  nqetropolitan  area  and  he  found  out  he  couldn't  get  an  aircraft  to 
fly  hfttttihere  in  lihis 'type,  Would  he  take  the  other  type? 


Secretary  Becos.  I  wonder  how  he  would  take  it  if  he  found  the 
Tupelov  transport  was  flying  into  India  and  into  Japan  and  across 
the  Pacific  into  Austrolia  to  all  tke  other  centers  of  commerce. 
Because  it  is  my  view  if  they  were  flying  thoee  routes,  Americans  ^ing 
to  those  places  would  ride  it.  I  just  dpiTt  think  that  that  is  a  good  pos¬ 
ture  to  take,  that  we  close  our  eyes  to  this  technology,  which  is  what 
you  are  saying  we  are  going  to  do,  shut  it  out  of  the  country  and  sort 
of  close  our  eyes  and  pretend  it  isn’t  there. 

To  me  it  is  an  ostrich  philosophy  and  it  doesn’t  make  the  problem 
go  away. 

Mr.  Wydleb.  I  am  just  trying  to  say  this.  To  me  somebody  would 
answer  the  economic  argument  that  the  other  countries  are  going  to 
gain  a  great  economic  advantage  by  building  these  aircraft  because 
they  are  going  to  be  able  to  sell  a  lot  of  them  to  various  countries  be¬ 
sides  themselves  to  use. 

It  seems  to  me  with  such  a  specialized  aircraft,  that  there  is  only 
about  three  or  four  routes  in  the  whole  world  that  make  it  even  close  to 
bejng  economically  feasible  to  fly  the  aircraft,  particularly  if  you  are 
going  to  completely  eliminate  its  use  over  land  except  at  subsonic 
speedy  because  then  it  loses  all  its  advantages  as  a  competitive  plane. 

So  it  would  just  seem  to  me  that  almost  inevitably  if  you  denied  it 
at  a  few  airports  in  the  United  States,  the  whole  economic  feasibility 
of  that  airplane  would  come  crashing  down.  It  would  be  a  totally  un¬ 
economical  aircraft.  I  am  not  su^esting  we  do  that. 

Secretary  Bbgos.  I  understanoT 

Mr.  Wtdleb.  But  I  am  just  thinking  if  anybody  ever  thought  of 
what  that  might  mean. 

Secretary  Beggs.  Many  of  the  foreign  airports  are  becoming  very 
busy  airports  indeed.  The  studies  that  we  made  of  our  transport  in¬ 
dicate  that  there  is  a  potential  on  the  transatlantic,  transpacific  routes 
for  use  of  upward  of  500  transports.  Some  of  the  studies  that  the  Eng¬ 
lish  have  done  and  have  published  indicate  that  there  is  a  market  for 
upward  of  800  of  these  aircraft. 

There  are  orders  for  the  Concorde  in  hand  right  now  of  upward 
of  65.  We  have  122  commitments  for  our  trani^[>ort.  We  do  not  know 
whether  the  Soviets  have  sold  any  or  not,  but  they  are  talking  about 
several  hundred  of  their  aircraft  flying  the  trade  routes. 

One  of  the  interesting  things  to  me  about  the  supersonic  is  that  it 
opens  up  markets  that  previou^  have  not  been  as  open  to  air  trans¬ 
port  On  the  subsonic  jet  basis,  ^or  example,  the  supersonic  flying  to 
South  America  wiH  provide  tran^rortation  that  will  get  to  the  southern 
South  American  cities,  which  are  the  important  cities  to  us,  in  alxiut  the 
same  time  as  we  now  fly  to  Europe  on  the  subsonic  jets.  And  we  Imow 
what  a  toemendoos  inducement  that  subsonic  transportation  was  to 
travel  to  Europe. 

I  anticipate  that  this  will  open  up  South  America  to  us  on  the  same 
basis. 

In  addition,  the  Japanese  economy,  which  is  the  fastest  growing  in 
the  world  and  is  now  the  third  largest  economy,  will  be  within  7  to  8 
honrs'traasportation  time  awiw,  I  feihk  that  is  very  significant.  When 
you  start  bringing  coimtries  that  elo»  togefter  in  time,  the  trade  and 
the  business  development,  the  development  of  cultural  relations,  every¬ 
thing  increases  enormously,  and  this  airplane,  this  machine  will  allow 
us  to  do  what  we  have  traditionally  done  with  the  Europeans. 


Mr.  Wtdler.  Thank  you,  «ntlemen. 

Mr.  Hbohus.  Mr.  Helato^. 

Mr.  Hklstoski.  I  had  one  other  question,  Mr.  Chairman. 

Mr.  Beggs,  you  made  reference  to  navigational  and  air  traffic  control 
satellites,  as  possibilities  of  the  future  ? 

Secretary  Bboos.  (Nods.) 

Mr.  Helstoski.  Has  there  been  any  resolution  as  to  who  would 
operate  them?  Would  it  be  the  private  sector,  or  would  it  be  govern¬ 
mental  ? 

Secretary  Beoos.  It  is  very  probable  that  COMSAT  would  operate  it 
and  sell  its  services  just  as  they  sell  their  current  communications 
servicea 

Mr.  Helstoski.  Is  this  the  thought,  the  present  identification  ? 

Secretary  Beoos.  Yes,  sir;  the  current  planning  is  based  on  that. 

Mr.  Helstoski.  All  right.  Thank  you. 

Mr.  Hechler.  Any  other  questions  on  my  unbalanced  left  down 
here? 

Mr.  Goldwater.  No. 

Mr.  Hechler.  I  would  like  to  ask  two  quick  final  questions. 

I  made  the  suggestion  during  yesterday’s  hearings  that  maybe  it 
might  be  a  good  idea  to  give  the  Department  of  Transportation  "statu¬ 
tory  membership  on  the  National  Aeronautics  and  Space  Council.  I  am 
not  asking  you  to  put  the  stamp  of  any  kind  of  official  approval  on  that, 
but  do  you  have  any  overwhelming  objections  ? 

Secretary  Begos.  No,  sir.  I  have  talked  to  Bill  Anders  about  this 
^veral  times,  at  his  initiative.  He  has  been  up  to  see  me  after  getting 
in  down  there.  We  have,  of  course,  been  observing - 

Mr.  Hechler.  Yes. 

Secretary  Beoos  (continuing).  The  acti\*ities  of  the  Space  Council 
for  a  number  of  years.  So  far  as  I  know,  we  have  never  missed  any¬ 
thing  in  those  Council  meetings,  nor  have  we  ever  not  been  advised  of 
anywing  that  falls  within  our  purview. 

But  certainly  we  would  have,  the  Department  would  have  no  objec¬ 
tion  to  sitting  on  the  Council. 

Mr.  Hechler.  I  noticed  at  the  top  of  page  2  you  said : 

We  hare  had  our  first  advisory  committee  and  working  group  sessions. 

AVhat  is  this  advisory  committee,  who  lieads  it,  and  just  what  does 
it  do? 

Secretary  Begos.  Yes,  sir.  We  asked  Di*.  Guy  Stever  to  head  a  com¬ 
mittee  which  would  provide  an  overview  of  the  work  of  this  study 
group.  Dr.  Stever,  as  you  know,  has  been  very  active  in  the  study  of 
aeronautics  in  general  and  air  traffic  control  in  particul  ar. 

He  ran  a  committee  study  in  the  National  Academy  of  Engineering 
about  a  year  and  a  half  ago,  the  results  have  been  publislied,  and  we 
felt  that  he  would  be  an  ideal  man  to  get  into  this.  Some  of  the  recom¬ 
mendations  he  made,  or  his  committee  made  in  the  National  Academy 
of  Engintsering  report  are  a  basis  for  some  of  the  things  we  are  doing 
in  this  civil  aviation  study. 

So  I  think  he  is  uniquely  capable  of  providing  an  oversight  of  the 
entire  study,  and  that  is  what  we  asked  him  to  do. 

Mr.  HECTiiiER.  Could  you  give  the  committee  the  membership  of  this 
advisory  committee  ? 
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Secretary  Bboos.  I  can  supply  it  for  the  record. 

Mr.  Hechier.  I  mean  for  the  record. 

Secretary  Bboos.  Yes,  sir. 

THE  AD  HOC  STUDY  ADVISORY  COMMITl’IiIE  TO  THE  JOINT 
DOT/NASA  CIVIL  AVIATION  BAD  POLICY  STUDY 

The  Study  Advisory  Committee  will  be  established  to  provide  the  Chairmani 
and  Vice  Chairman  of  the  study  with  expert  and  broad  advice  and  counsel  iS’ 
the  conduct  of  the  study.  To  Insure  the  achievement  of  this  end,  the  Ckmnnittee- 
will  be  formed  utilizing  the  National  Academy  of  Engineering  and  will  be  con¬ 
stituted  with  top  level  leaders  in  the  air  transportation  field,  from  other  Govern¬ 
ment  agencies,  industry,  and  universities.  The  Committee  will  meet  periodically 
to  review  the  status  and  progress  of  the  over-all  study  activity  and  its  many 
separate  elements,  and  will  advise  the  Management  Committee  of  its  view.s  on 
these  matters  as  well  as  content  of  the  study.  The  Chairman  of  the  Advisory 
Committee  will  serve  on  the  Maitagement  Committee  in  an  ex-oiltcio  catmcity 
and  thus  will  be  kept  in  very  close  touch  with  the  over-all  study  and  its  many 
elements.  It  is  anticipated  that  the  Committee  will  meet  at  approximate  quarterly 
intervals.  The  business  of  the  Committee  will  primarily  be  accomplished  at 
the  meeting.  It  may  be  desirable  to  have  an  extra  meeting  or  so  at  the  request 
of  the  sponsor.  It  may  also  be  requested,  on  occasion,  that  members  prepare  a- 
special  working  paiier  for  the  use  of  the  Committee  and  tl>e  -study.  Kiiinlly.  it 
is  exitected  that  the  Study  Advisory  Committee  may  prepare,  at  the  conclusion- 
of  the  study,  its  own  reiwrt  of  the  findings,  for  presentation  to  the  Secretary 
and  Administrator. 

Proposed  Memeberbhip 

.KsXB  AD  HOC  STUDY  ADVISORY  COMMITTEE  ON  AERONAUTICS 

(In  support  of  DOT-NASA  Study  of  Civil  Aeronautical  K&D  Policy) 

H.  G.  Stever  (ASEB),  President,  Carnegie-Mellon  University.  Committee  Chair¬ 
man. 

R.  L.  Bisplinghoff  l  ASEB ).  Dean  S<-hool  of  Engineering.  MIT. 

W.  L.  Hawkins  (ASEB),  Vice  President,  S<-ience  and  Engineering,  Lockheed 
Aircraft  Corporation. 

W.  C.  Mentzer  (ASEB).  Senior  Vice  President,  Engineering  and  Maintenance, 
United  Air  Lines. 

P.  W.  Pratt  (ASEB),  Vice  President  and  Chief  Scientist.  United  Aircraft 
Corporation. 

J.  M.  Kyle.  Jr.  (ASEB),  Chief  Engineer.  The  Port  of  New  York  Authority.. 

R.  H.  Miller  (ASEB),  Head.  Department  of  Aeronautics  and  Astronautics,  MIT. 

G.  E.  Solomon  (ASEB).  Vice  President  and  Director,  Systems  Laboratories, 
TRW  Systems  Group.  TRW  Inc. 

S.  L.  Higjfinbottom,  Executive  Vice  President,  Eastern  Air  Lines. 

J.  E.  Gallagher,  President  and  Chief  Executive  Officer.  New  York  Airways. 

J.  E  Knott,  Plant  Manager,  Allison  Division,  General  Motors  Corporation. 

J.  M.  Nissen,  Manager,  San  Jose  Municipal  Airport. 

H.  E  Davis,  Director,  Institute  of  Transportation  and  Traffic  Engineering,. 
University  of  California. 

G.  B.  Lltcbford,  Consultant. 

.1.  P.  Mitchell,  Vice  President,  Chase  Manhattan  Bank. 

W.  P.  Lear,  Sr.,  Chairman  of  the  Board.  I.iear  Motors  Corporation. 

J.  B.  Gorham.  Vice  President,  SARC  Inc. 

S.  Seltzer.  Director,  Air  Traffic  Control  Research,  American  Airlines. 

W.  L.  Pereira,  President,  William  L.  Pereira  &  Associates. 

R.  E.  Hage,  Vice  President,  Engineering,  Douglas  Aircraft  Company. 

E.  J.  Swearingen,  President,  Swearingen  Aircraft 

Mr,  Hechijer.  How  often  do  they  meet  ? 

Secretary  Bbogs.  Well,  this  has  ttren  the  first  meeting.  We  have  been 
somewh^  slow  in  getting  them  organized.  We  hope  to  bring  them  up- 
to  date  in  the  order  of  every  3  months  or  so.  Of  course,  committre 
members  and  Dr.  Stever  in  )>articular  will  be  kept  advised  on  a  con¬ 
tinuing  basis  as  we  proceed. 
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Mr.  Hechleb.  It  would  be  helpful  if  you  just  mve  us  the  member- 
shw  of  the  committee  and  what  th^  general  uiarter  is. 

Secretary  Begos.  Yes,  sir. 

Mr.  HechiiER.  And  what  their  future  activities  are  likely  to  be.  It 
will  be  very  lulpful  for  us. 

Secretary  BEoaa  I  will  do 

Mr.  Hechijbb.  Amy  further  questions? 

(No  response.) 

Mr.  Hw<^.eb.  If  not,  thank  you  much,  Mr.  Beggs. 

Secretary  Beoos.  Thtuok  you,  Mr.  Chairman. 

Mr.  Hechler.  The  committee  stands  adjourned  imtil  10  a.m. 
tomorrow - 

Mr.  Hikes.  Thursday. 

Mr.  Wtdlbs.  Not  until  Thursday. 

Mr.  Hechleh.  Thursday  at  10*a.m. 

(Whereupon,  at  11 :50  a.m.  the  subcommittee  adjourned,  to  recon¬ 
vene  at  10  a.m.  on  Thursday,  December  4,  1969.) 
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THVBSDAT.  SBCEKBSB  4,  1069 

House  of  Bbfbesentatifes, 

COMMITTEB  ON-  SCIENCE  AND  AsTBONAXmCS, 
SxjBCOMMTrrEE  ON  Advanced  Research  and  Technologt, 

Washington,  D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  at  10K)3  a.m., 
in  room  2325,  Rayburn  House  Office  Building,  Hon.  Ken  Hechler 
(chairman  of  ^e  subcommittee)  presiding. 

Mr.  Hechler.  The  committee  will  be  in  order. 

The  hearings  on  aeronautical  research  and  development  will  con¬ 
tinue  this  morning  with  witnesses  representing  Aerospace  Industries 
Association. 

We  will  hear  first  from  Mr.  Kendall  Perkins,  corporate  vice  presi¬ 
dent,  engineering  and  research,  McDonnell  Douglas  Corp. 

GK)od  morning,  Mr.  Perkins. 

Mr.  Perkins.  Good  morning. 

Mr.  Hechler.  Do  you  have  an  opening  statement  you  care  to 
present? 

(A  biographical  sketch  of  Mr.  Kendall  Perkins  follows :) 

KENDAIX  PEBKIItS 

Bom ;  St  Louis,  Mo.,  February  23, 1908. 

Pajemts :  Robert  Fulton  Perkins,  Florence  Gleason  Perkins. 

Academic:  Washington  University.  B.S.  in  Electrical  Engineering,  1928.  D. 
Eng.  (Hon.)  Tri  State  Ck>llege. 

Married :  Elizabeth  Dorothy  Maclvor,  October  16, 1934. 

Children ;  John  Maclvor  Perkins,  August  2,  1935.  Amy  Doris  Perkins  Bethke, 
June  11, 1938. 

Professional  Activity:  1928-1940— Curtiss-Bobertson  Airplane  Mfg.  Co.  After 
serving  as  a  shop  mechanic  for  six  months  was  made  foreman  of  tiie  fuselage 
department.  Transferred  to  Engineering  Department  in  1930  as  Project  Engineer 
handling  engineering  changes  for  a  number  of  commercial  airplanes  including 
Curtiss  Robin,  Thrash  and  Kingbird  and  a  series  of  Travelalr  biplanes.  In  1936 
became  Project  Engineer  on  design  and  engineering  development  of  the  OW-20 
twin-engine  transport  (commercial  prototype  of  Air  Force  C-46  Commando). 
This  ain>lane  saw  cargo  service  throughout  the  world  during  the  1939-1945 
war  and  is  still  in  use  here  and  abroad. 

1940 —  ^American  Airlines,  New  Tork.  Research  Engineer.  Consultant  to  the 
Vice  President  of  Engineering  with  relation  to  transport  aircraft  design  re¬ 
quirements  and  other  airline  engineering  problema 

1941 —  Office  of  Production  Management.  (Predecessor  of  the  War  Production 
Board),  Wa^ngton,  D.C.  Head  Alrcvaft  S^edidlng  Unit  Responsible  for 
scheduling  aircraft  deliveiles  from  all  U.9.  manufacturers  as  allocated  to  U.& 
and  allied  users. 

1941  to  date — McDonnell  Douglas  Corporation.  Joined  McDonnell  In  November 
1941  as  Project  Engineer  in  advanced  design.  Later  asalgned  to  miglneerlng 
supervision  on  the  XP-67  twin-engine  fighter,  then  in  the  early  design  stage.  Made 
Assistant  Oilef  Engineer  in  October  1942. 
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In  January  1943,  began  work  with  the  XJ-S.  Navy  in  Washington  on  advanced 
design  studies  leading  to  the  XFD-1,  the  Navy’s  first  jet  airplane.  It  served  as 
the  prototype  for  the  FH-1  Phantom,  the  first  complete  airplane  designed  and 
produced  by  McDonneU.  The  success  of  this  program  led  to  a  series  of  other  jet 
fighters  for  the  Navy  and  Air  Force  which  represmited  most  of  the  subsequent 
business  of  the  McDonnell  company. 

Mr.  Perkins  was  named  Assistaot  tp  Vice  President  for  Engineering  and 
Contracts  at  McDonnell  in.  Scpteuibee  1048.  Became  Manager  of  Engineering  in 
July  1949  and  Engineering  Vice  President  in  April  1951  with  functional  respon¬ 
sibility  for  engineering  work  on  aircraft,  i^tiacecraft  and  missiles. 

Notable  aircraft  engineering  work  carrM  out  at  McDonnell  included  develop¬ 
ment  of  the  F-2H  Banahee  and  Demon  series  of  carrier  based  fighters 
for  the  Navy,  the  F-lOl  Voodoo  series  fighters  for  three  Commands  of  the  Air 
Force,  and  a  series  of  versatile  F-4  Phantom  II  attack  and  fighter  aircraft  begun 
in  1954  and  subsequently  develtqied  for  the  C.B.  Navy,  C.S.  Air  Force,  Eoyal 
Navy,  Rival  Air  Force  and  othera 

The  Mercury  spacecraft  carrying  the  first  American  in  orbit  was  initiated  and 
deveii^ed  by  McDonnell  engineering,  and  the  Gemini  spacecraft  carivlng  the  first 
two  Americans  in  orbit  was  later  designed  and  developed. 

A  number  of  unmanned  vehicles  were  initiated  and  developed  at  McDonnell,  in- 
clodlxig'  the  GAM-72  QuaU  decoy,  the  Model  122B  Alpha  Draco  hypersonic  mis¬ 
sile  and  the  Asset  hypersonic  test  vehicle. 

Subsequent  to  the  merger  of  McDonnell  and  Douglas  in  April  1967,  Mr.  Perkins 
became  Corporate  Vice  President,  Engineering  and  Research  of  McDonnell 
Douglas  Corporation,  which  produces  a  wide  variety  of  aerospace  systems  in¬ 
cluding  civil  and  military  aircraft,  spacecraft,  missil^  and  other  products. 

Home :  14  Kingsbury  Place,  St  Louis,  Mo.  63112. 

Office:  McDonneU  Douglas  Corporation,  P.O.  Box  516,  St  Louis,  Mo.  63166. 

Memberships:  Fellow,  American  Institute  of  Aeronautics  and  Astronantica  As¬ 
sociate  Fellow,  American  Astronautical  Society.  Director,  St  Louis  Research 
CouncU.  Trustee,  Washington  University  (St  Louis). 

STAIEUEUT  of  EENDAIL  PERZIHS,  GOBPOEA!rE  VICE  PBESIDEIiT, 

EXrOINEEBlHG  AITD  BESEARCH,  HcDOEIIELL  SOTTGLAS  COBF. 

Mr.  PERKrwa  Yes,  I  do. 

Mr.  Chairman  and  members  of  the  subcommittee,  we  greatly  ap¬ 
preciate  this  opportunity  to  present  the  views  of  the  aerospace  in¬ 
dustry  regarding  cuir^t  and  future  R.  &  D.  needed  to  keep  the 
Unitra  Stetes  competitive  with  the  rest  of  the  world  in  aviation,  and 
the  role  which  NASA  and  the  industry  should  play  in  providing  such 
R.  &  D.  ^ 

I  am  speaking  in  behalf  of  the  Aerospace  Industries  Association 
which  represents  the  principal  U.S.  manufacturers  of  aircraft,  mis¬ 
siles  and  spacecra^  and  their  components.  The  aerospace  industry 
is  highly  competitive  and  individualistic  so  that  unanimity  with 
respect  to  all  of  the  questions  at  hand  cannot  be  expected.  We  believe 
the  ideas  we  are  presenting  today,  however,  represent  general  con¬ 
currence. 

Mr.  Heohler.  This  committee  certainly  doesn’t  expect  to  get  any 
kind  of  an  overall  official  view  that  is  agreed  to  by  everyone.  We 
are  particularly  interested  in  what  you  have  to  present  now.  If  you 
have  suggestions  to  make,  we  know  you  do  not  clear  every  one  of  them 
in  advance. 

Mr.  Perkins.  We  tried  during  the  last  few  days  to  have  enough 
dialog  among  ourselves  that  we  could  reach  at  least  general  concurrence 
on  most  of  these  subjects. 

I  will  confine  my  rendarks  to  R.  &  D.  related  to  U.S.  military  and 
commercial  aircraft  except  for  VTOL  and  V/STOL  aircraft.  I  under¬ 
stand  these  are  to  be  covered  by  the  following  speaker. 
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Previous  testimony  before  your  subcommittee  by  people  of  many 
badcgrounds  and  interests  has  brought  cmt  repeateciW  the  desirability 
of  increasing  the  rate  at  which  aeronautical  R.  &  D.  is  carried  out. 
These  are  value  judgments  and,  while  they  are  impossible  to  prove 
in  a  quantitative  sense,  we  fully  concur.  All  new  aircraft,  military 
and  civil,  spring  from  research,  and  this  research  is  primarily  the 
product  of  cooperative  effort  of  the  public  and  the  private  sectors; 
that  is,  NASA  and  the  aerospace  industry.  I  plan  to  describe  this 
Government-industry  relationship  and  the  role  of  each,  and  to  sug¬ 
gest  areas  where  greater  emphasis  is  needled.  In  doing  so,  I  hope  to 
convince  you  that  two  basic  changes  are  required  if  we  are  to  main¬ 
tain  leadership  in  wronautics.  First,  NASA  must  have  the  necessarv 
personnel  and  facilities  to  conduct  an  accelerated  program  of  ad¬ 
viced  aeronautical  re^arch.  Second,  the  aerospace  industry  must  be 
given  more  opportunities  to  develop  and  test  actual  hardware. 

Before  getti^  into  detail,  it  might  be  helpful  to  discuss  in  a  general 
way  some  of  the  r^ionale  for  initiating  development  of  new  military 
and  commercial  aircraft.  With  respect  to  military  aircraft,  the  prin¬ 
cipal  need  is  to  see  that  U.S.  aircraft  are  as  good  as  or  better  than  those 
of  potential  foreign  opponents.  A  new  model  of  a  particular  military 
type  is  only  initiated  when  it  becomes  clear  that  it  can  provide  an 
appreciable  improvement  in  effectiveness  as  compared  with  the  cur¬ 
rent  model  and  when  there  is  reason  to  expect  that,  without  the  new 
model,  the  United  States  might  be  at  a  disadvanta^. 

Because  of  long  time  intervals  inherent  in  aircraft  development 
this  calls  for  a  high  degree  of  imaginative  judgment  and  the  ability 
to  act  on  such  judgment  The  importance  of  making  the  correct  and 
timely  judgments  is  obvious  and  is  accentuated  by  the  shift  from  the 
old  “mobilization”  concept  to  a  “force-in-being”  concept  wherein 
completely  modem  equipment  must  be  maintained  in  our  ready  forces. 

One  of  many  factors  in  this  judgment  is  assessment  of  the  status 
of  the  technology  of  a  potential  enemy  as  this  may  affect  the  proba¬ 
bility  of  his  initiating  development  of  new  models'  Another  is  assess¬ 
ment  of  the  likelihood  that  the  opposition  will  actually  put  new  models 
into  service  by  the  time  we  can  deploy  our  own.  The  time  interval 
between  a  decision  to  develop  and  produce  a  new  model  military  air¬ 
craft  and  realization  of  full  operational  capabDity  may  be  from  5  to 
10  ymrs.  It  would  be  easier  if  we  could  be  sure  of  the  aircraft  char¬ 
acteristics  needed  and  the  numbers  r^uired  to  assure  future  superior¬ 
ity  over  all  potential  threats.  Experience  repeatedly  tells  us  that  we 
can’t  look  so  far  ahead  unerringly.  We  have  often  had  to  proceed 
on  the  assumption  that  if  the  United  States  is  technically  capable  of 
creating  new  aircraft  appreciably  superior  to  those  now  being  used, 
other  major  countries  can  do  the  same  and  are  likely  to  do  so. 

As  long  as  the  United  States  holds  a  clear  technological  lead  over 
the  opposition  we  can  proceed  under  this  assumption  with  reasonable 
deliberation  and  with  reasonable  safety. 

In  recent  years,  however,  there  is  increasing  evidence  that  we  do 
not  lead  other  countries  as  much  as  we  once  did.  In  some  areas  we 
may  not  lead  at  all.  This  reduces  our  margin  of  safety.  How  far  we  let 
this  go  is,  of  course,  a  matter  of  opinion. 

Mr.  Hechuer.  Excuse  me,  may  I  interruj^  at  this  point?  I  won¬ 
der  if  you  will  specify  whether  you  feel  this  is  due  to  our  lack  of 
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aeiwiifuitical  research,  or  simply  a  catching  up  in  the  technological 
capability  of  other  nations,  or  just  exactly  \raat  factors  do  you  ascribe 
this  to? 

Mr.  Perkins.  I  will  discuss  this  a  little  later.  I  might  point  out  now 
that  my  thesis  here  is  it  is  a  combination  of  a  slowing  down  in  aero¬ 
nautical  research,  plus  a  slowing  down  in  the  rate  at  which  hardware 
is  built  and  tested  in  this  country. 

Mr.  Hechler.  Yee.  You  may  proceed. 

Mr.  Perkins.  One  need  look  only  at  published  photographs  of  for¬ 
eign  military  aircraft  which  have  flown  in  recent  years  to  find  that 
some  of  them  incmporate  features  more  advanced  than  those  of  our 
current  production  aircraft.  Some  of  these  features  have  yet  to  be 
used  in  night  hardware  in  this  coimtry.  The  British  Harrier  VTOL 
fighter  and  French  Brequet  941  cross-shafted  STOL  transport  have 
no  counterparts  in  the  United  States.  The  Russian  MIG-^  FoxW 
fighter  began  setting  unofficial  world  records  for  speed  and  altitude 
in  1965.  (Officially  recognized  by  the  Federation  Aeronautique  In- 
tematiomde  in  1967.) 

Faced  with  the  necessity  of  matching  requirements  and  the  long 
timespan  for  development,  it  seems  obvious  that  more  prototype  starts 
have  the  potential  of  uncovering  needed  research  areas  and  proiading 
more  options  for  full  development  as  requirements  become  clearer. 

This  two-way  interaction  between  aeronautical  research  on  one 
hand  and  development  of  flying  hardware  W  industry  on  the  other 
begins  with  research  such  as  we  look  to  NASA  for,  such  as  concepts, 
techniques,  and  data.  On  the  basis  of  such  dat;i  .  ntractors  make  design 
studies  to  bring  out  what  can  be  practically  done  to  meet  future  mili¬ 
tary  requirements.  The  military  services  in  turn  have  the  difficult  prob¬ 
lem  of  matching  expected  needs  with  expected  capabilities  and,  when 
the  timing  and  other  fwtors  ^ra  right,  initiating  the  development  of  a 
new  model  and  specifying  its  required  characteristics.  Competitors 
for  the  development  contract  must  then  pitch  in  and  do  their  best  to 
meet  these  requirements  without  committing  to  do  things  they  can’t 
be  reasonably  sure  of  doing.  At  this  point  they  have  often  found  in 
recent  years,  that  there  are  gaps  in  the  background  data  and  the  need 
to  fill  these  gaps  is  urgent.  To  the  extent  that  they  have  the  time  and 
the  facilities  they  may  undertake  a  a-ash  research  program  themselves. 
This  situation  could  be  improved  by  expanding  the  leading  edge  of 
aeronautical  research  done  by  NASA. 

Having  each  of  several  contractors  doing  some  of  his  own  research 
during  a  competition  is  not  as  wasteful  as  it  may  sound  because  to  some 
extent  each  is  proceeding  along  somewhat  different  paths  and  it  is 
not  known  until  later  which  will  prove  best.  When  no  one  knows  the 
best  answer,  parallel  competitive  effort  can  be  a  Aurtue.  Nevertheless, 
there  is  some  duplication  which  should  not  be  necessary.  It  would  be 
more  efficient  and  the  results  would  be  more  reliable  and  comparable 
if  more  of  the  background  research  were  available  from  N  ASA  earlier. 

I  might  interject  that  in  two  recent  important  fighter  competitions 
the  competing  contractors  all  found  themselves  with  a  serious  lack  of 
background  data  of  the  type  that  NASA  traditionally  provides. 

Mr.  Hecheer.  Excuse  me,  Mr.  Perkins,  could  you  expand  on  the 
ol»ervation  you  just  made? 

Mr.  Perkins.  Yes.  As  bidders  on  both  F-14  and  F-15  competition 
in  the  last  2  years,  we  became  vividly  aware  of  the  fact  that,  whereas 
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10  to  15  years  ago  we  could  turn  to  a  number  of  NASA  reports  which 
would  provide,  for  example,  broadly  based  and  systomatically  re¬ 
ported  airfoil  and  wing  configuration  data — design  criteria  with  wliicli 
we  could  configure  our  airplanes— in  these  competitions  much  of  such 
data  was  simply  not  available.  Specifically,  tliese  airplanes  reiiuire 
wings  that  are  thinner  than  those  reported  in  NASA  data. 

This  is  an  area  which  NASA  had  not  gotten  into. 

It  is  data  we  should  have  had  on  the  shelf,  and  the  people  at 
NASA  recognized  we  should  have  had  it  on  the  shelf  but  didn’t. 

Mr.  Heciiler.  I  ’  this  particular  case  what  is  the  timespan  it  would 
take  to  develop  such  data?  In  other  words,  how  long  ago  would  they 
have  had  to  have  started  to  come  to  the  point  where  they  would  have 
the  data  immediately  available  you  needed  in  this  instance? 

Mr.  Perkins.  The  timespans  between  initiation  of  test  programs 
bjf  NASA  and  the  time  the  data  is  used  can  vary  all  the  way  from  a 
minimum  of  2  to  10  years  or  more. 

Mr.  Hechijir.  In  this  particular  case  you  don’t  have  anything  more 
specific  ? 

Mr.  Perkins.  I  couldn’t  be  more  specific  in  this  particular  case. 
These  programs  run  over  periods  of  years,  and  it  is  hard  to  predict 
precisely  when  the  data  will  be  needed. 

Mr.  Hechler.  I  hesitate  to  interrupt  with  a  further  question  be¬ 
cause  you  may  be  answering  this  in  the  rest  of  your  testimony,  but 
are  you  going  to  point  out  other  areas  where  you  feel  NASA  should 
start  now  in  order  to  develop  the  data  needed  ? 

Mr.  Perkins.  I  expect  to  wind  up  my  statement  with  just  that. 

Mr.  Hechler.  Fine.  You  may"  continue. 

Mr.  Perkins.  There  is  also  a  chicken- and-egg  relation  between  re¬ 
search  and  hardware  development.  There  are  a  number  of  areas  where 
the  need  for  research  is  only  disclosed  by  attempts  to  build  flying 
hardware  and  by  encountering  the  imforeseen  problems  which  inev¬ 
itably  emerge  during  the  course  of  developing,  producing,  and  operat¬ 
ing  complex  equipment  in  which  the  state  of  the  art  is  being  ad¬ 
vanced.  These  problems  have  come  to  be  called  the  unknown-unknowns 
and  are  the  greatest  source  of  technical  risk  in  the  aerospace  business. 
They  are  also  a  major  contributor  to  cost  growth  of  air^’raft  develop¬ 
ment  programs. 

The  number  of  new  aircraft  models  sponsored  by  DOD  in  recent 
years  has  been  reduced  drastically  as  compared  with'  preiious  periods 
in  the  United  States  and  as  compared  currently  with  the  U.S.S.K. 
This  applies  particularly  to  development  test  articles  and  experimental 
prototype  aircraft  programs.  The  result  has  been  that  while  most  of 
the  foreseeable  research  requirements  have  been  reasonably  met 
there  has  been  a  real  lag  in  the  rate  at  which  unpredictable  problems 
have  been  brought  to  light  and  hence  the  rate  at  which  research  ap¬ 
plied  to  such  problems  has  been  carried  out.  We  feel  that  the  only 
solution  for  this  is  for  DOD  to  sponsor  more  programs  in  which  test¬ 
ing  of  experimental  hardware  and  research  go  hand  in  hand. 

With  respect  to  civil  airci’al't,  the  situation  is  different.  New  com¬ 
mercial  transports,  for  example,  are  initiated  when  the  manufacturers 
and  airlines  reach  the  conclusion  that  a  new  model  will  have  sufficient 
economic  advantage  over  current  models,  as  a  result  of  significant  ad¬ 
vances  in  performance,  comfort  and  safety,  to  justify  the  high  devel- 
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opment  and  startup  costs.  The  introduction  of  new  trans^wrl  models  is 
also  influenced  by  such  factors  as  market  growth  rate  and  size  consid¬ 
erations.  However,  the  ability  of  U.S.  transports  to  successfully  com¬ 
pete  with  foreign  transports  in  the  world  market  depends  to  a  large 
degree  on  relative  technical  sophistication.  The  lead  which  the  United 
States  once  held  over  the  rest  of  the  world  seems  to  have  been  retained 
in  the  areas  having  little  dependence  on  research,  such  as  reliability  and 
maintainability,  but  in  areas  depending  more  on  research,  such  as  aero¬ 
dynamic  and  structural  sophistication,  our  lead  seems  to  have 
narrowed. 

Chairman  Miller.  Just  a  minute.  Mr.  Chairman. 

Mr.  Heckler.  Mr.  Chairman. 

Chairman  Miller.  Could  you  specifically  point  out  cases  where  this 
has  taken  place?  I  am  spea£:ing  now  of  commercial  aircraft,  and  not 
militarj'  aircraft,  which  are  not  in  our  jr”isdiction  and  which  we  are 
not  concerned  with.  Can  you  tell  me  in  ich  case  now,  what  country 
has  taken  over  the  lead  ? 

Mr.  Perkins.  I  am  not  taking  the  position,  Mr.  Miller,  that  other 
countries  are  ahead  of  us  in  transport  aircraft,  they  are  not. 

Chairman  Miller.  That  is  what  I  thought. 

IVIr.  Perkins.  I  believe  the  long  lead  which  we  once  held  is  less  long 
than  it  once  was. 

Chairman  Miller.  This  is  natural. 

Mr.  Perkins.  I  am  specifically  referring  to  France  and  the  U.S.S.R. 

Chairman  Miller.  It  is  natural  they  are  going  to  try  to  catch  up. 

They  have  the  basis  of  knowledge  we  used  in  making  these 
developments. 

Mr.  Perkins.  Bight. 

Chairman  Miller.  You  can’t  hide  this  under  a  bushel,  and  they  do 
go  ahead. 

I  remember  attending  a  dinner  in  London  about  4  years  ago  when  the 
British  and  the  French  were  whistling  in  the  dark  telling  you  how 
good  the  Concorde  was  going  to  be  and  how  they  were  going  to  return 
to  Europe  the  leadership  in  the  field  of  aerodynamics  where  it  be¬ 
longed.  They  haven’t  gotten  very  far  with  it.  I  remember  when  the 
first  DC-8-63  went  to  the  Paris  air  show.  Eastern  Air  Lines  was 
chartered  to  take  us  over  there.  I  was  on  an  exhibit,  alongside  the 
mock-up  of  the  Concorde.  You  had  to  put  p^ple  in  one  door,  and 
bring  them  out  of  the  center  door  after  viewing  the  DC-8.  When  I 
wanted  to  go  down  and  go  through  the  Concorde  I  didn’t  have  to  wait 
15  minutes. 

All  right,  sir,  I  just  wanted  to  make  sure  that  I  understood  you. 
Thank  you,  Mr.  Chairman. 

Mr.  Heckler,  On  this  point,  Mr.  Perkins,  I  understand  the  Aero¬ 
space  Industries  Association  has  conducted  a  study  examining  world 
aeronautical  competition.  Is  this  correct  ? 

Mr.  Perkins.  Not  to  my  knowledge,  Mr.  Chairman. 

Mr.  Heckler.  You  may  continue. 

Mr.  Perkins.  Because  of  very  high  development  and  startup  costs 
of  large  commercial  transports,  manufacturers  cannot  afford  to  take 
the  risk  of  incorporating  radical  or  untried  features.  On  the  other 
hand,  there  has  bwn  demand  for  a  long  succession  of  airline  transports 
of  larger  size  and  greater  performance.  In  contrast  with  military  de- 
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velopments,  this  has  led  to  an  evolutionary  series  of  relatively  con¬ 
ventional  aircraft  for  which  demands  for  research  have  been  reason¬ 
ably  foreseeable,  with  the  possible  exception  of  mach  3  supersonic 
transports. 

There  is  now  a  pressing  demand  for  STOL  transport.  Airplanes  to 
meet  this  requirement  must  be  somewhat  less  conventional.  The  risks 
to  the  manufacturer  are  considerably  greater  than  for  more  conven¬ 
tional  types  in  several  resorts.  Flight  characteristics  cannot  be  as  fully 
known  without  first  builcfing  full  scale  prototypes,  or  at  least  doing  a 
considerable  amoimt  of  component  testmgj  FAA  reguirements  are  as 
yet  undetermined,  and  traffic  control  and  airport  facflities  are  now  in¬ 
adequate.  The  management  and  funding  problems  associated  with  these 
unknowns  will  not  to  resolved  easily .^We  urge  that  DOT  and  other 
agencies  give  these  problems  high  priority. 

Many  of  the  questions  concerning  flight  characteristics  of  STOL 
aircraft  might  be  resolved  if  a  similar  vehicle  were  procured  by  DOD, 
either  in  prototype  form  or  as  a  production  development  program. 
There  would  be  value  to  both  DOD  and  DOT  in  attempting  to  arrive 
at  STOL  aircraft  of  similar  requirements.  If  a  prototype  were  de¬ 
veloped,  it  should  resolve  many  of  the  remaining  questions  about  the 
vehicle  itself.  This  might  serve  as  a  basis  for  a  military  STOL  produc¬ 
tion  prc^ram  if  a  requirement  then  exists.  If  other  critical  traffic  con¬ 
trol  and  airport  problems  were  resolved  during  the  same  time  period 
this  might  pave  the  way  for  a  commercial  STOL  production  program. 

In  recent  years  the  aerosp^e  industry  has,  for  competitive  reasons, 
built  its  own  research  facilities  insofar  as  it  could  financiaUy  support 
them.  There  is  a  pressing  need,  however,  for  more  precise  means  of 
determining  in  advance  and  With  greater  accuracy  what  the  full  scale 
characteristics  of  transport  aircraft  will  be.  NASA  should  evaluate 
the  problems  associated  with  testing  of  this  kind.  It  probably  will  in¬ 
volve  comprehensive  test  programs  using  expensive  facilities.  We  be¬ 
lieve  U.S.  leadership  in  transport  aircraft  can  be  retained,  but  that 
there  is  need  for  more  work  by  NASA  in  a  number  of  areas. 

The  most  severe  future  limitations  on  commercial  aircraft  utiliza¬ 
tion  in  the  United  States  have  to  do  with  operating  problems — factors 
such  as  traffic  control,  airport  facilities,  and  noise.  These  were  dis¬ 
cussed  at  length  in  a  report  by  the  Aeronautics  and  Space  Engineering 
Board  of  the  National  Academy  of  Engineering,  which  I  understand 
has  been  submitted  to  your  subcommittee.  We  concur  with  the  recom¬ 
mendations  in  that  report.  Presumably  this  subject  will  also  be  en¬ 
larged  upon  by  other  sp^kers.  I  do  want  to  emphasize,  however, 
that  the  aircraft  industry  is  vitally  concerned  that  solutions  for  these 
problems  be  found  since  failure  to  resolve  them  can  have  profound 
effects  on  limiting  the  growth  of  civil  aviation. 

Kecognizing  that  the  operating  problems  are  especially  difficult, 
we  feel  there  is  urgent  need  for  clear  allocation  of  responsibilities 
nationwide  and  that  the  organization  with  this  responsibility  must 
have  adequate  resources  and  must  manage  its  efforts  in  a  thorough 
and  systematic  way  if  it  is  to  be  successful.  Procurement  of  complex 
hardwa  e  such  as  aircraft  by  the  military  services  and  of  spacecraft 
by  Nii  A.  has  presented  problems  of  hardware  acquisition  which, 
over  a  period  of  years,  they  have  organized  for  and  learned  how  to 
handle.  Civil  aircraft  operating  problems  may  be  even  more  challeng- 
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ing  because  of  need  for  interaction  with  the  public  and  many  local 
governments.  There  will  also  be  related  teclmical  problems.  We  believe 
NASA  is  the  most  logical  agency  to  work  on  those  for  which  it  has 
or  can  be  given  the  appropriate  resources.  Industry  can  and  should 
be  used  to  solve  such  problems  through  studies  and  R.  &  D.  under 
contract  with  the  Government. 

With  specific  regard  to  noise,  our  industry,  working  with  NASA, 
is  engaged  in  reducing  engine  noise  at  its  source,  in  treating  the  in¬ 
stallation  in  such  a  way  as  to  reduce  noise  produced  by  engines,  and 
in  providing  flyi^  characteristics  which  permit  climbing  as  promptly 
as  feasible  to  altitudes  where  noise  is  no  longer  unduly  objectionable. 
NASA  has  and  can  help  further  to  improve  techniques  for  doing  these 
things.  We  specifically  urge  the  construction  of  the  proposed  noise 
facility  at  Langley. 

In  general  we  believe  NASA  should  (1)  do  aeronautical  research 
requiring  facilities  which  individual  members  of  the  industry  cannot 
afford;  (2)  provide  appropriate  access  to  industry  for  use  of  facili¬ 
ties  on  a  noninterference  basis;  (3)  do  broad  investigations  of  par¬ 
ticular  technical  areas  to  provide  uniform  and  consistent  background 
data  from  which  industiy  can  create  optimum  aircraft  design  char¬ 
acteristics;  and  (4)  conduct  other  research  in  the  national  interest. 

Mr.  Hechler.  Excuse  me,  what  does  “noninterference”  mean  ? 

Mr.  PiaiKiNS.  I  mean  by  that  NASA  has  their  own  in-house  test 
programs,  and  industry  has  certain  requirements  for  the  use  of  those 
same  facilities  and  would  like  to  come  in  and  use  them. 

We  believe  it  is  proper  for  NASA  to  have  control  of  the  sched¬ 
uling  of  their  own  facilities  and  let  industry  get  in  as  long  as  it  does 
not  unduly  interfere  with  their  own  test  programs.  This  has  been 
going  on  lor  a  number  of  years,  and  seems  to  work  out  quite  well. 

Mr.  Hechus.  Thank  you. 

Mr.  Perkins.  We  would  like  to  make  particular  reference  to  the 
fact  that  the  unitary  wind  tunnels  created  some  years  ago  for  use  by 
both  NASA  and  the  industry  have  l^en  managed  by  NASA  in  the 
national  interest  and  have  served  their  purpose  well.  NASA  has  also 
made  available  certain  O'her  wind  tunnels  for  use  by  industry  follow¬ 
ing  the  unitary  pattern.  Additional  facilities  of  this  Irind  will  un¬ 
doubtedly  be  necessaiT  in  the  future  and  we  feel  they  should  be 
managed  and  operated  for  both  Government  and  industry  use  in  a 
similar  manner. 

Whereas  a  number  of  aerospace  companies  have  one  or  more  wind 
tunnels  of  their  own,  there  is  a  current  and  urgent  need  for  reliable 
data  at  high  Reynolds  number — a  combination  of  factors  such  as 
large  model  size,  nigh  speed,  and  high  air  density — and  facilities  for 
testing  of  this  kind  apjiear  to  be  too  expensive  for  any  one  manufac¬ 
turer  to  provide.  Provision  and  operation  of  such  facilities  would,  we 
believe,  significantly  enhance  NASA’s  research  capability. 

Chairman  Miller.  Just  a  minute.  Mr.  Perkins,  I  am  very  much 
interested  in  some  of  your  statements  here.  You  want  the  Govern¬ 
ment  to  assume  all  of  these  costs  on  the  ground  it  is  too  expensive  for 
industry.  If  the  Government  assumes  all  of  these  costs,  will  the  co^ 
of  airplanes  be  so  reflected  in  the  ticket  that  I  buy  to  go  out  to  Cali¬ 
fornia?  Will  it  reflect  what  the  Government  has  put  into  such  devel¬ 
opment?  In  business  in  this  country  we  speak  about  free  economy. 
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But  you  want  to  lay  the  whole  burden  of  developing  airplanes  and 
builiu^  these  facilities  on  the  Grovemment,  don’t  you? 

]Mt.  Perkixs.  By  no  means.  When  the  industry  uses  the  NASA 
and  other  unitary  wind  tunnels  for  example,  it  pays  for  them. 

Chairman  Millrh.  Let’s  very  clear  on  tiiat.  It  pays  direct  cost. 

Mr.  Perkins.  It  pays  the  direct  cost. 

Chairman  Miller.  But  they  don’t  pay  any  of  the  capital  costs  that 
go  into  them,  is  that  true  ? 

Mr.  Perkins.  This  is  at  the  option  of  the  Government. 

Chairman  Miller.  Wait  a  minute.  You  have  not  answered  my  ques¬ 
tion.  The  capital  costs  are  not  written  into  it  ? 

Mr.  Perkins.  That  is  my  understanding. 

Chairman  Miller.  I  think  your  understanding  is  correct. 

Mr.  Perkins.  As  to  the  other  costs  of  developing  airplanes,  if  you 
are  talkii^  about  commercial  airplanes,  other  than  this  factor  uiat 
you  mentioned,  this  is  all  borne  by  the  man  who  buys  a  ticket  on  the 
airline  eventually. 

Chairman  MdLler.  Evenutally.  I  understand. 

Mr.  Perkins.  I  also  point  out  many  of  these  facilities  are  need^ 
for  the  national  defense,  and  are  used  as  a  byproduct  for  commercial 
use. 

Chairman  Miller.  I  understand  the  Air  Force  has  some  of  the 
biggest  wind  tunnels  in  the  country. 

Mr.  Perkins.  Eight. 

Chairman  Miller.  They  are  for  national  defense,  NASA’s  facilities 
are  used  by  DOD.  Of  course,  NASA  was  created  to  serve,  also,  the 
military  forces.  There  is  no  question  of  that. 

Now  we  have  taken  the  burden,  I  am  for  all  this  assistance,  b^ause 
we  have  seen  two  modes  of  transportation  that  are  rapidly  declining, 
rail  transportation  and  water-borne  transportation,  perhaps  because 
the  Government  did  not  do  enough  research  to  assist  those  industries. 
We  can’t  let  that  happen  to  aviation.  I  don’t  like  the  idea  of  hearing 
about  all  these  needed  expenditures  and  making  your  statement  ap¬ 
pear  that  a  benevolent  Government  isn’t  doing  anything  for  aeronau¬ 
tics.  I  think  it  has  done  a  great  deal. 

Mr.  Perkins.  I  think  the  ultimate  purpose  is  to  aid  the  Nation  and 
not  to  aid  the  industry. 

Chairman  Miller.  Well,  that  is  true  too.  Then  if  we  want  to  follow 
that  to  a  conclusion,  we  can  say  as  they  do  in  Russia  and  other  places, 
if  we  are  ^oing  to  help  the  Nation,  let’s  take  this  layer  of  management 
we  call  private  industry  out  from  under  us.  Let’s  get  this  out. 

Mr.  iWkins.  I  think  the  experience  of  tlie  United  States  in  operat¬ 
ing  these  things  privately  is  more  effective  than  operating  them 
publicly. 

Chairman  Miller.  I  am  not  going  to  argue  with  you  about  that. 
I  am  just  saydng  you  say  we  have  got  to  do  this.  I  say  let’s  take  this 
out.  I  am  one  of  the  greatest  admirers  of  McDonnell-Douglas,  I  know 
Mr.  McDonnell  and  Mr.  Douglas,  I  have  worked  veiw  closely  with 
them.  I  am  also  very  conscious  of  some  very  fine  facilities  they  have 
that  were  built  by  the  Government,  built  6y  NASA  as  a  matter  of 
fact,  which  they  continue  to  use.  I  don’t  think  the  Government  has 
been  so  harsh,  or  NASA  has  been  so  harsh  in  the  treatment  of  the 
aviation  industiy. 
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I  "wonder  if  the  industry  hasn't  become  a  little  soft,  in  wanting  to 
lean  on  Government  for  all  of  those  facilities  and  find  an  excuse  by 
saying  the  crutcln  the  Government  isn’t  doing  ai^hing  for  them. 

Mr.  Perkins.  I  would  like  to  point  out,  Mr.  Miller,  that  the  indus- 
tiy,  if  it  had  a  greater  finwcial  burden  to  carry  than  it  now  does  in 
developing  new  transport  aircraft,  would  find  it  absolutely  impossible. 

Chairman  MmiiER.  I  think  you  are  right,  and  I  want  to  say  unless 
we  perhaps  make  some  radical  changes  someplace,  the  cost  of  the  tax¬ 
payers  of  supporting  Government  is  becoming  almost  impossible.  Let 
any  of  you  get  up  and  deny  this. 

Mr.  t*ERKiNS.  The  ma^itude  of  the  fundi^  required  for  these 
large,  new  transimrt  airplanes  is  reaching  a  point  where  it  is  becom¬ 
ing  a  major  question  as  to  whether  the  lar^st  companies  in  the  country 
can  handle  it. 

Chairman  MiiiLER.  I  don’t  think  there  is  any  question  about  it.  The 
U.S.  Lines,  for  years,  operated  the  Queen  of  the  ocean.  They  recently 
had  to  lay  her  up.  They  are  not  building  any  more  because  they  can’t 
stand  the  burden  of  it._  Yet,  we  don’t  help  them  materially. 

Mr.  Perkins.  So  it  is  a  question  of  vmether  the  Nation  as  a  whole 
wants  to  do  this  kind  of  thing. 

Chairman  Milier.  Some  of  it,  and  it  is  getting  harder  and  harder  to 
get  money.  See  what  is  takii^  place  this  morning  when  a  committee 
Rno<^ed  $5  billion  out  of  DOD’s  budget,  I  think  we  would  be  very 
foolish  to  say  NASA  can  withstand  the  thrust  placed  upon  it.  And  our 
bu<tot  may  be  going  down.  I  don’t  see  any  chance  of  very  many  new 
facilities. 

Let’s  go  on.  We  are  in  an  argument  that  is  not  material. 

Mr.  Hechueb.  Mr.  Perkins. 

Mr.  Perkins.  Eeference  is  often  made  to  “proof  of  concept”  pro¬ 
grams  and  “development  test  vehicles.”  We  believe  these  can  be  of 
great  value  in  bridging  the  gap  between  ideas  which  are  shown  to  be 
theoretically  po^ibTe  and  ones  which  are  proved  to  be  practical  enough 
to  incorporate  in  exp^ive  aircraft  develimment  programs.  The  cir¬ 
cumstances  surrounding  the  need  for  an<i  value  of  such  programs 
vary  considerably.  Sometimes  it  is  more  appropriate  that  they  be 
initiated  and  funded  by  NASA  and  sometimes  it  is  better  that  they 
be  initiated  and  funded  by  one  of  the  military  services  with  NASA’s 
help.  Industry  does  considerable  “proof  of  concept”  work  under  con¬ 
tract  and  can  also  help  in  identifying  areas  of  greatest  need.  We  feel 
that  installation  of  the  Whitcomb  supercritical  wing  on  a  fighter  air¬ 
craft  to  prove  its  diaracteristics  in  realistic  three-dimensional  form  is 
a  good  example  of  a  valuable  “proof  of  concept”  program. 

Where  a  very  expensive  development  test  aircraft  may  be  involved 
(for  example,  a  reentry  vehicle  or  a  hypersonic  aircraft),  adequate 
advanced  research  by  NASA  can  go  a  long  way  to  assuring  a  success¬ 
ful  and  fruitful  program.  There  may  to  need  for  additional  test 
aircraft  of  this  kind.  For  example,  as  part  of  the  future  space  pro¬ 
gram  NASA  plans  to  introduce  reusable  launch  vehicles  and  reus¬ 
able  orbiting  reentry  vehicles.  Since  these  must  maneuver  in  the  at¬ 
mosphere,  land  safely  at  predetermined  places  on  earth,  and  be  re¬ 
usable  repeatedly  with  little  or  no  refurbisnment,  they  necessarily  take 
on  many  of  the  requirements  and  characteristi  an  airplane.  In 

fact,  it  may  be  found  that  from  a  technical  stan  it  may  be  more 
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difficult  to  meet  the  airplane-like  requirements  than  the  space-craft- 
like  requirements.  We  can  therefore  foresee  that  such  vehicles  ■will  be 
replete  with  both  known-unknown  and  unknown-unknown  problems. 
It  would  seem  prudent  under  these  circiunstances  that  NASA  make  a 
particularly  concerted  effort  to  anticipate  technical  problems  and 
cany  out  R.  &  D.  required  for  their  solution  and,  in  addition,  to  ser¬ 
iously  consider  the  need  for  prototype  hardware  which  will  brinp:  out 
in  the  laboratory  and  in  economical  flight  form  as  many  as  possible  of 
the  ted^icai  problems  of  the  type  which  cannot  be  foreseen.  Some- 
tWng  like  the  X-15  hypersonic  test  vehicle  might  be  a  step  in  this 
direction.  The  cost  shomd  be  small  compared  with  the  cost  of  the  full- 
scale  reentry  vehicle  planned. 

Earlier  t^imony  oefore  your  subcommittee  indicates  NASA  is  be¬ 
ing  approached  by  other  Government  agencies  for  more  and  more  re¬ 
search  unrelated  or  only  indirectly  related  to  its  ptimaiy  roles  in  aero¬ 
nautics  tmd  space.  We  feel  that  NASA  does  have  technical  capabilities 
for  a  wide  variety  of  such  research  but  should  not  be  expected  to 
support  a  lai^  amount  of  it  unless  its  funds  are  appropriately  in- 
cret^ed  for  the  purpose  and  additional  facilities  are  provide  as 
necessary. 

This  raises  the  often-discussed  issue  of  whether  NASA  should  accept 
funds  from  other  agencies  for  such  purposes.  Most  of  us  in  industry 
feel  that  NASA  has  been  productive  under  the  m^hod  of  funding 
used.  We  feel  that  NASA,  as  the  Agency  responsible  for  carrying  out 
the  research,  must  be  able  to  realisticaUy  plan  ahead  for  acquisition 
and  use  of  facilities.  Also,  from  a  technical  standpoint,  NASA  is  often 
in  a  better  position  than  the  requesting  agency  to  judge  the  most 
probable  value  of  results  to  be  expected  from  various  research  pro¬ 
posals,  and  hence  the  priority  they  deserve.  Willingness  of  another 
agency  to  provide  funds  is  no  ^urance  that  a  propo^  research  pro¬ 
gram  will  be  worth  undertaking.  We  therefore  recommend  that  the 
present  method  of  ^  mding  be  retained. 

It  may  be  hel  *>fj(  1  o  describe  further  R.  &  D.  done  by  the  aerospace 
industry  in  relai  'o  ^  >  aeronautical  research  by  NASA.  Over  the  years 
an  unusually  effective  working  relationship  has  been  forged  between 
the  aerospace  industry  and  NASA,  in  which  each  can  do  what  it  is  best 
equipped  to  do.  In  general  NASA  carries  out  broadly  extensive  and 
^stematic  investigations  which  provide  a  data  base  and  can  be  useful 
mr  any  of  a  wide  variety  of  aerospace  products.  In  general,  industrial 
firms  cannot  afford  such  broad  investigations  and  focus  on  particular 
product  objectives  within  their  capabilities.  In  addition  to  research  of 
this  kind,  toe  aerospace  industry  does  a  great  deal  of  related  technical 
work  such  as  concepts  and  proposals  for  new  products,  preliminary 
design  studies  and  analyses,  trade-offs  involving  evaluation  of  the  risks 
and  benefits  of  alternate  designs,  detail  design  and  integration,  labora¬ 
tory  and  flight  testing  and  many  others.  These  activities  require  large 
and  capable  technical  staffs  and  facilities.  Nevertheless,  the  aerospace 
industry  believes  it  essential  that  the  broader  and  more  fundamental 
investigatioM  should  be  carried  out  by  NASA  and  that  the  results  of 
the^  investigations  should  be  available  as  starting  points  in  making 
design  studies  and  developi^  optimum  designs  to  meet  specific  objec¬ 
tives  for  military  and  civil  aircraft. 
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The  aerospace  industry  does  far  more  research  and  development  than 
most  industries  because  of  the  unique  and  highly  technical  nature  of 
its  business  and  the  fact  that  its  technologies  are  expanding  so  rapidly. 

Mr.  Hechter.  Excuse  me,  Mr.  Perkins.  Did  anybody  ever  try  to 
quantify  that  by  percentages  ? 

Mr.  natKiNS.  I  have  seen  charts  showing  that,  but  I  am  not  certain 
of  their  validity. 

Mr.  Perkixs.  Such  work  is  generally  classified  either  as  independent 
research  and  development  (IRAD)  or  contract  research  and  develop¬ 
ment  (CRAD). 

IRAD  is  that  research  and  development  which  contractors  must  do 
on  their  own  initiative  to  remain  up-to-date  and  technically  competi¬ 
tive  in  this  fast-moving  industry.  Any  aerospace  company  which  did 
not  devote  considerable  effort  and  resources  to  IRAD  would  soon  find 
it^lf  hopelessly  behind  the  times  technically.  We  consider  such  work 
vital  to  the  future  of  our  individual  companies  and  to  the  ability  of  the 
United  States  to  compete  with  that  of  other  nations  in  aeronautics.  We 
urge  the  continued  recognition  by  Congress  of  the  importance  of 
IRAD. 

CRAD  contracts  arc  usually  relativelj^  small.  Development  of  major 
systems  are  not  included  in  this  category.  Contracts  for  R.  &  D.  are  let 
by  many  agencies  of  the  Government  on  the  basis  that  the  contractor 
selected  can  carry  out  the  work  more  efficiently  than  anvone  else  be¬ 
cause  of  related  experience,  availability  of  special  facilities,  availa¬ 
bility  of  personnel  with  special  capabilities,  or  for  other  reasons.  The 
use  of  CRAD  has  grown  considerably  in  recent  years.  We  believe  this 
is  largely  because  experience  has  shown  this  to  be  a  most  effective  way 
to  acconiplish  much  of  this  kind  of  work. 

With  respect  to  long-range  research  needs,  except  for  those  few 
requirements  which  result  from  unanticipatible  tecnnolopcal  break¬ 
throughs,  most  long-range  needs  will  evolve  from  extensions  of  exist¬ 
ing  research  programs.  Continued  coordination  between  NASA  and 
industry  earned  out  through  the  NASA  advisory  committee  stnicture 
has  resulted  in  identification  of  a  significant  backlog  of  unfulfilled 
research  rwjuirements.  Much  of  this  work  has  been  delayed  because  of 
funding  limitations.  One  example  is  need  for  systematic  data  on  the 
aerodynamic  characteristics  of  airfoils  of  less  than  6-percent  thickness. 

Where  new  large  facilities  will  be  needed  and  require  a  long  time  to 
put  into  operation,  NASA  must  plan  far  ahead.  An  example  might  be 
a  large  wind  tunnel  for  high  Reynolds  number  testing.  Of  course  all 
of  the  more  fimdamental  research  is  predicated  on  long-term  goals.  A 
possible  e.xample  of  such  research  might  be  the  investigation  of  the 
fundamental  nature  of  burning  to  learn  what  it  takes  to  make  fuel 
bum  better. 

We  have  prepared  several  charts  ( figs.  1  through  3)  listing  typical 
priority  research  we  believe  to  be  needed  to  keep  the  United  States 
competitive  in  aeronautics. 

Exhibit  A  has  also  been  prepared  as  reference  information  to  e.x- 
plain  many  of  these  in  more  detail. 

I  have  simply  three  charts  of  this  kind,  and  I  want  to  point  out  two 
significant  words — ^“typical”  which  signifies  that  this  is  by  no  means  a 
complete  comprehensive  list,  and  “priority,”  in  that  thefse  are  things 
that  are  not  necessarily  arranged  in  a  priority  order  as  shown,  but 
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we  have  listed  only  those  things  which  we  do  consider  priority  areas. 
We  have  indicated  most  of  these  apply  to  military  aviation,  to  trans¬ 
port  aviation,  and  to  general  aviation. 

Now,  I  don’t  want  to  bore  you  with  ^ing  into  detail  on  each  of 
these  items,  but  exhibit  A  gives  a  discussion  of  each  of  the  line  items 
shown. 

Mr.  Hechuer.  Where  does  collision  avoidance  come  in? 

Mr.  Perkins.  Colliaon  avoidance  is  somrthing  that  we  believe  is 
primarily  the  concern  of  DOT  within  the  Federal  Government  and,  as 
such,  is  not  primarily  an  issue  between  industry  and  NASA,  and  so  we 
havenotlistMit. 

Mr.  Hechler.  That  is  rather  unfortunate.  We  consider  that  to  he  a 
rather  important  area. 

Mr.  PniKiNS.  We  did  have  a  chart  that  I  left  out  in  yesterday’s 
rei’iew  of  this  presentation,  which  did  show  operatii^  problems.  We 
decided  to  con^e  ourselves  to  things  relating  more  directly  to  NASA 
and  industry. 

Mr.  Hechler.  I  certainly  hope  you  consider  safety  being  one  of  your 
very  prime  considerations. 

Mr.  Perkins.  We  certainly  do. 

If  the  airspace  of  the  future  is  to  accommodate  the  expected  increase 
in  the  number  of  flight  operations,  a  transition  to  area  navigation  will 
be  essential.  Area  navigation  permits  the  total  airspace  to  used  for 
flight  operations  instead  of  the  relatively  narrow  corridors  that  air¬ 
craft  now  fly.  Clearly,  area  navigation  shows  great  promise  both  in 
increasing  flight  safety  and  in  expanding  the  capacity  of  the  airways. 

Chairman  Miller.  Mr.  Chairman,  isn’t  that  really  DOT’s  problem? 
We  are  not  in  the  operating  business.  It  is  up  to  theni,  isn’t  it  ?  It  is  up 
to  us  to  be  concenied  with  the  research  on  any  facilities,  the  factors  that 
would  enter  into  it.  But  when  it  comes  to  operations,  the  proficiency  of 
operation,  let  DOT  take  care  of  that. 

Mr.  ITechler.  This  reminds  me  of  my  conversations  with  the  manu¬ 
facturers  of  coal-mining  machinery,  who  alt  say.  we  are  not  manufac¬ 
turing  lifesaving  equipment,  we  are  manufacturing  production 
equipment. 

Chairman  Miller.  Well,  that  is  true.  Frankly,  I  don’t  sec  the  paral¬ 
lel  between  them,  Mr.  Hechler.  Under  the  law  the  Department  of 
Transportation  regulates  the  flying  of  airplanes  and  things  that  go 
into  them. 

NASA  is  concerned  with  systems  that  can  be  developed  to  take  care 
of  these  things,  but  we  are  not  going  to  encroach  on  I^T  until  these 
people  do  it. 

Mr.  Hechler.  You  may  proceed,  Mr.  Perkins. 

Mr.  Perkins.  The  first  chart,  figure  1,  relates  to  aerodynamic  prob¬ 
lems,  the  second,  figure  2,  propulsion  problems,  which  you  can  see  here. 
The  third  chart,  %ure  3,  we  might  put  up  is  the  structures  and  ma¬ 
terials  area. 

There  are  a  lot  of  other  areas,  but  these  three,  in  general,  and  the 
items  listed  under  them,  are  among  those  that  we  consider  typical 
higher  priority  areas. 

Mr.  Hechler.  These  charts  are  all  submitted  for  the  record,  is  that 
correotf 

(The  charts  referred  to  follow :) 
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TYPICAI.  PRIORITY  RESEARCH  NEEDED  TO  KEEP  THE  U4L  COMPETITIVE 


Rtquiradlor 


MilHiiy  Treatport  CMant 

miitioa  tMiHaa  mittioa 


A.  AERODYNAMICS 

l.SyitMuticilaiioiiwinp.bodlMUdinlirKtiaat . X 

2.  PoiMrptatinMIMUM  Rita,  iMhaRiit  Mat  aadaifeavtteMfiiaratiMn . X 

4.  WfHRNRaifeMlafSTOLMiiialt . X 

5.  6n«adt<wMtll*EbeliaiHfcCT(iiLaliciaH. . X 

6. Con£amafia<il4taalMlaadlHfiitlastdata. . X 

7.  TaitdataathMhRayMtUsaumbart . X 

S.  SpincaeoMrYCrilarik .  X 

B.  PROPULSION 

L  HMUpipaaRfanaadeaMpiaaon . X 

2.  Hiiiittiaiparaiaras .  X 

3.  l■pra«adaHllriallaadpraeaMi. .  X 

4.  Nanaraduelian . X 

5.  lawfovadaaMaa-pfapabiMmtlai-alreraHlataintioa . X 

f.  AdvaiMadturbojat/liataeliiMfagY .  X 

a  STRUCTURES  AND  MATERIALS 

1.  Hifh  itrangUicompositaiuaiiig  variant  fibars  and  matricas . X 

2.  High  ttianith  and  UihtaiaiElitinatal  allays . X 

3.  HMh  tampnaiura  matariab . X 

4.  High  tmiparaturaadhailvas  and  taaUnts . X 

5.  Cormion  pratacHan . .  X 

6.  Airpiana  liltoia .  X 

7.  Advancod  niatariil  applicatiaas . X 

8.  Landing  gaara .  X 

3.  Nondanructivatisting.... .  X 
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Mr.  Perkixs.  Yes,  including  the  text,  Exhibit  A. 

1  might  read,  at  this  point,  the  introduction  to  Exhibit  A  which  de¬ 
scribes  these : 

Bxamples  of  advanced  research  activities  in  aeronautics  in  which  more  work 
is  required  are  enumerated  herein.  As  such,  this  list  is  intended  to  be  typical 
but  not  ail  inclusive,  nor  does  it  necessarily  comprise  a  balanced  judgment  of 
relative  requirements.  Some  of  this  is  research  that  is  clearly  in  NASA’s 
area  of  special  competence  and  responsibility.  Some  of  it  is  better  done  in 
industry  laboratories. 

The  formulation,  review,  and  continued  coordination  between  NASA  and  in¬ 
dustry,  carried  out  through  NASA’s  advisory  committee  structure,  has  iden¬ 
tified  a  backlog  of  unfulfilled  research  requirements,  much  of  which  has  been 
delayed  due  to  funding  limitations.  Most,  if  not  all,  of  the  items  discussed  in 
this  exhibit  have  already  been  the  topic  of  many  deliberations  of  the  NASA 
advisory  committees. 

In  presenting  this  list,  it  is  hoped  that  your  Subcommittee  wUl  get  a  picture 
of  the  breadth  of  the  unfulflll^  research  requirements  demanding  national 
attention.  I  would  like  to  to  repeat  that  NASA  knows  of  most  of  these  re¬ 
quirements  and  has  not  fulfilled  them  because  of  current  budgetary  restric¬ 
tions.  We  recommend  that  the  NASA  programs  continue  to  be  formally  struc¬ 
tured  through  ttie  NASA  advisory  committees. 

There  are  many  other  problem  areas  in  the  aeronautical  field  notably  those 
in  aircraft  operations  such  as  aircraft  control  and  collision  avoidance.  There 
are  even  more  having  to  do  with  the  airport  and  its  relation  to  the  community. 
The  DOT  is  attempUng  to  detoe  national  programs  dealing  with  these  prob¬ 
lems  and  we  suggest  that  NASA  has  the  facilities  and  talent  to  make  substantial 
contributions  once  the  national  programs  have  been  defined. 

A.  axbodtiyamios 

1.  SyttemaHe  data  on  whngt,  bodiet  and  tnteraetiont 

Industry  needs  much  systematic  data  in  order  to  make  comidete  iwatema  anal- 
yeses  and  design  trade-offs  to  optimize  these  aircraft  for  their  Intended  use.  Key 
technology  areas  where  NASA  should  work,  or  Increase  its  effort  on  an  accel¬ 
erated  scale,  are: 
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a.  Airfoil  BeottonDatm 

There  has  been  very  little  airfoil  section  data  obtained  since  the  work  done  on 
laminar  flow  airfoils  in  the  early  IMCs,  and  none  on  airfoils  thinner  than  6%. 
We  need  systematic  research  on  thin  airfoil  sections  with  various  leading  and 
trailing  edge  devices  at  both  low  speeds  and  high  subsonic  speeds  up  to  be¬ 
yond  the  stalL  This  data  is  needed  as  a  prelnde  to  understanding  the  shock 
boundary  layer  Interactions  at  high  subsonic  qteeds  and  high  angles  of  attack  on 
three-dlmmislonal  winga  It  Is  also  needed  to  obtain  higher  lift  coefilclmits  on 
thin,  highly  loaded  wings  so  that  lower  and,  hmice.  safer  amrodch  and  isn^jng 
speeds  may  be  achieved-  We  need  to  discover  airfoil  section  modlflcatltnis  to 
r^uce  the  drag  at  high  Uft  coefficients  and  high  subsonic  Mach  numbers  such  as 
Whitcomb’s  supercritical  sectioa. 

b.  COHftffuruHotuMtdlnteraetion* 

A  variety  of  systematic  data  are  required  on  characteristics  of  bodies  and 
other  aerodynamic  shapes  and  influence  at  indivldnal  elements  on  each  other  in 
such  areas  as : 

1.  High  supersonic  and  hypersonic  configurations. 

2.  Hypersonic  flow  interaction  eflScta. 

3.  Flow  fleld  prediction  techniques. 

2.  Potcer  plant  inataUation  data,  including  inlet  and  eahantt  oonfguratione 

The  growth  of  aviation  has  been  paced  to  a  consideratfle  measure  by  the  de¬ 
velopment  of  power  plants  with  adequate  performance  and  reliability. 

High  on  our  list  of  critical  technologies  affecting  military  and  commercial  air¬ 
craft  design  are  those  involving  the  integration  of  the  propulsion  system  into 
the  aircraft,  notably : 

а.  Inlet  Retearoh 

Work  needs  to  be  done  on  other  than  axisynunetric  inlets.  We  need  to  develop 
Inlets  that  are  a  component  part  of  a  complete  airplane.  These  inlets  should 
be  able  to  operate  at  subsonic  and  supersonic  speeds  up  to  at  least  M=4,  with 
high  recovery  and  low  drag,  and  a  minimum  of  complexity  in  the  form  of  mov¬ 
ing  parts.  Such  Inlets  should  also  have  low  distortion  throughout  the  speed  range 
when  operated  at  high  angles  of  attack  and  yaw.  In  (his  regard  we  need  addi¬ 
tional  research  on  the  phenomenon  of  the  rotating  compressor  stall,  particularly 
on  fan  engines.  We  need  to  be  able  to  define  the  engine’s  tolerance  to  static  and 
dynamic  distortion  with  considerably  more  accuracy  than  we  do  now.  We  also 
need  to  know  quantitatively  the  effect  of  thermal  distortion,  and  gun  and  rocket 
gas  Ingestion  on  the  engine’s  tolerance  to  stall  in  order  to  optimize  the  aero¬ 
dynamic  design  of  our  aircraft. 

б.  Jet  Exit  Research 

One  of  the  largest  sources  of  drag  on  supersonic  Jet  aircraft  is  the  jet  exit 
'The  adjustable  nozzle  required  for  afterburning  and  the  wide  jet  pressure  ratio 
variation  causes  excessive  drag  at  off  design  conditions  such  as  subsonic  cruise 
and  loiter.  In  addition,  the  external  interference  effects  of  twin  and  multiple 
jet  installations,  horizontal  and  vertical  tall  surfaces,  and  forebody  flow  charac¬ 
teristics  combine  with  the  internal  jet  ^ciency  whi<b  is  affected  by  such  things 
as  nozzle  spacing,  and  diameter  ratios,  secondary  air,  exinnsion  ratios  to  form 
a  matrix  of  variables  which  cannot  solved  with  the  present  jet  exit  data 
available  to  the  designer.  We  need  additional  research  on  promising  new  nozzle 
designs  such  as  the  two-dimensional  plug  or  wedge  nozzle. 

S.  Transonic  phenomena 

Advanced  airfoil  concepts,  such  as  the  supercritical  wing,  as  well  as  consider¬ 
ations  of  sonic  boom  avoidance  have  recently  focused  attention  on  configuration 
development  problems  for  Mach  numbers  lightly  above  and  below  1.0  (roujdily 
.95-1.:^).  The  major  problems  in  this  speed  range  aiq)ear  to  be  those  of  overall 
configuration  integration  and,  in  particular,  the  integration  of  the  pr(q>nlsion 
package  into  the  total  configuration,  ^^cific  areas  for  study  recommended  for 
inclnsion  in  the  complete  program  are : 

Umltattona  and  accuracy  of  far-field  analysis  methods  to  obtain  drag  at 
low  supersonic  Madi  numbers; 

Fusdage  engine  installations,  intruding  effects  of  boundary  layer  inges¬ 
tion; 

Axisynunetric  engine  nacelle  shapes  for  low  shock  drag ; 

Bngine  jet  exhaust  simnlatlon  effects ; 

High  lift  systems  for  advanced  al^il  shapes. 
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We  feel  tbat  NASA  eboold  give  coiudderation  to  increasing  substantially  its 
total  testing  capability  for  transonic  wind  tunnel  work,  wUch  underlies  all  mili- 
Cary  and  conunercial  transport  arlatlon. 

4.  Biffh  Uft  devices  for  8TOL  eWcreSt 

Altlton^  the  aerodynamic  principles  of  jet  flap  wings  are  now  well  estab¬ 
lished  an%  in  the  short  terms,  it  should  be  possible  to  make  useful  estimates  of 
lift,  pitching  momeot,  etc.  of  STOL  aircraft  wings  of  moderate  aspect  ratio, 
sweep  and  jet  deflection  of  internal  blown  systems,  experimental  data  on  ^leciflc 
conflgurations  still  have  to  he  relied  on  for  establishing  the  effects  of  external 
blowing  (l.e.,  external  blown  J|et  flaps).  The  lack  of  suitable  analytical  methods 
and  the  failure  to  ^te  to  successfully  correlate  the  lift  augmentation  due  to 
external  blowing  Is  due,  in  part,  to  a  lack  of  experimental  data  of  a  general  and 
systematic  nature.  These  data  are  required  to  permit  the  formulation  of  an 
analytical/empirical  approach  that  would  make  it  possiMe  to  eatimate  the  effects 
of  geometry  (e.g.,  engine  location  and  wing  planform)  on  jet  impingement  and 
in  turn  the  resulting  turning  and  spreading  of  the  jet  ^ux.  It  is  therefore 
recommended  that  further  experimental  and  theoretical  research  directed 
toward  this  end  be  undertaken  on  external  blown  jet  flaps. 

5.  Ground  proximity  effects  with  STOL  aircraft 

The  flow  behavior  due  to  ground  proximity  with  jet  flap  wings  of  finite  aspect 
ratio  has  proved  substantially  different  from  that  observed  in  early  small  scale 
two-dimeuslonal  tests.  Only  simple  mathematical  representation  of  ground 
proximity  for  two-dimensional  jet  flap  airfoils  have  so  far  been  formulated. 
There  is  yet  no  realistic  theoretical  treatment  for  jet  flap  wings  with  the  jet 
path  in  close  proximity  to  the  ground.  STOL  operation  within  ground  effect  is 
essentially  a  transient  phase,  so  the  application  of  “stationary”  model  results 
and  “quasi-steady”  analytical  methods  need  further  justification  by  dynamic 
model  tests  and  flight  tunnel  comparisons.  It  is  recommended  that  an  experi¬ 
mental  program  be  Initiated  to  explore  the  possible  limitations  in  the  use  of 
“stationary”  model  results. 

6.  Correlation  of  wind  tunnel  and  flight  test  data 

NASA  has  initiated  and  has  made  a  progress  report  (AIAA  Meeting,  July 
14-16, 1969,  Los  Angeles,  Callfomia)  upon  a  series  of  investigations  to  determine 
the  extent  to  w'hich  the  wind  tunnel  results  of  the  major  government  and  com¬ 
mercial  wind  tunnels  in  the  U.S.  agree.  While  this  Is  a  highly  commendable 
effort  it  goes  without  saying  that  wind  tunnel  data  correlations  are  but  the  first 
step  toward  the  ultimate  goal  of  obtaining  accurate  full-scale  flight  character¬ 
istics  from  extrapolated  wind  tunnel  results.  This  goal  requires  a  continuing 
program  to  correlate  flight  test  results  as  they  become  available  with  predictions 
made  using  extrapo.lations  of  wind  tunnel  data.  NASA  has  already  iwrtieipated 
in  the  wind  tunnel  evaluation  of  such  aircraft  as  the  C-6A  and  the  F-l.'i  and 
it  is  strongly  urged  that  NASA  continue  its  participation  in  these  programs 
through  the  flight  test  phase  and  the  correlation  of  the  results  obtained  with  the 
wind  tunnel  data.  It  is  farther  suggested  that  this  general  program  of  data 
correlation  be  extended  to  include  other  existing  aircraft,  such  perhaps  as  the 
C-141  and  possibly  commercial  jet  transports  (contingent  upon  the  manufac¬ 
turer’s  willingness  to  release  his  flight  test  information. ) 

These  correlations  need  to  be  detailed  studies  which  IsoJate  the  variou.s  basic 
components  of  the  flight  drag,  l.e.,  zero-lift,  drag  due  to  lift,  trim  drag  and 
compressibility  drag,  and  relate  them  to  wind  tunnel  data,  exploring  the  test 
conditions  and  techniques  used  to  determine  the  wind  tunnel  values.  A  realistic 
assessment  needs  to  be  made  of  whether  or  not  the  various  tunnels  used  can 
properly  account  for  wall  effects,  etc.,  and  if  not,  what  portions  of  the  drag  can 
be  used  with  any  degree  of  confidence.  For  example,  the  aerodynamic  eflSciency 
factor  “e”  is  a  strong  function  of  tunnel  porosi^.  Is  the  compressibility  drag 
affected  by  porosity?  Since  the  wind  tunnel  cannot  be  used  to  estimate  the 
“roughness”  drag  of  the  full-scale  airplane,  such  a  study  would  be  extremely 
useful  in  determining  the  actual  roughness  factors  associated  with  standard 
manufacturing  techniques. 

It  is  recommended  that  detailed  testing  be  conducted  under  a  joint  NASA 
industry  program,  using  a  jet  transport  aircraft  as  a  reference,  to  more  clearly 
define  tie  relationship  between  low  speed-high  lift  drag  characterlstlos  as  meas¬ 
ured  In  flight  and  in  a  wind  timneh  In  particular,  the  high  Reynolds  Number 
tunnel  test  should  utilize  a  balance  designed  for  high  sensitivity  to  drag ;  further. 
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a  detailed  model  support  system  Interference  tare  procrram  sboold  be  condncted. 
Tbe  fligbt  program  should  consist  of  tests  to  obtain  drag  data  In  level  flight 
with  all  oigines  operating.  It  is  felt  that  the  corr^ationB  from  the  results  of  this 
program  can  greatly  enhance  the  utility  of  high  Beymflds  Number  wind  tunnels 
in  the  determination  of  low  speed  drag. 

7.  Teat  data  at  high  Regnotde  mumbere 

The  demand  for  greater  accuracy  in  predicting  performance  and  maneuver¬ 
ability  of  aircraft  in  landing,  takeoff,  and  flight  conditions  has  Increased  the  need 
for  full  scale  Beynolds  Number  simulation  as  mentioned  abova  The  NASA 
U-foot  transonic  tunnel  and  12-foot  low  speed  pressure  tunnel  at  the  Ames 
Besearch  Center,  both  constructed  some  years  ago,  are  the  most  advanced  facili¬ 
ties  available  today  for  such  testing.  Neither  of  these,  however,  can  provide 
full-scale  Reynolds  Number  data  on  military  and  civilian  designs  now  oa  the 
drawing  boards.  We  need  to  accurately  study  the  interaction  of  boundary  layers 
and  shock  waves  In  transonic  flows,  where  the  flow  is  marginally  at  the  stability 
limit,  and  feel  that  this  is  being  serionsly  hampered  at  present. 

The  construction  of  two  new  hl^  Reynolds  number  wind  tunnels  or  other 
means  to  accomplish  the  same  results  Is  therefore  a  matter  of  high  priority 
nationally.  The  decision  of  how  big  and  how  expensive  these  facilities  should  be 
must  be  weighed  In  the  balance  of  sound  economy  as  well  as  dynamic  competitive 
motivation  to  obtain  a  greater  national  capability  in  this  important  field  of 
aerodynamics. 

8.  Spin,  recovery  criteria 

While  many  may  think  that  everything  has  been  done  that  needs  to  be  done 
relative  to  spin  recovery,  It  would  be  our  suggestion  that  this  area  be  reopened. 
Many  aircraft  accidents  today  are  the  result  of  stall  spins.  To  the  best  of  our 
knowledge  from  our  criteria,  airplanes  which  violate  pre.sent  criteria  have 
good  spin  recovery.  Ckmtrarywise,  some  which  meet  today's  criteria  do  not  have 
acceptable  spin  recovery.  The  effects  of  ventral  fins  and  horizontal  staljilizer 
strakes  should  be  investigated. 

B.  PBOPuLsio:-: 

In  the  following  paragraphs  we  will  give  you  an  overall  summary  of  what  we 
foresee  as  the  developmental  opportunities  iu  aeropropulsion.  Before  proceeding, 
we  would  like  to  draw  for  you  a  Cu.-^tiuctlon  between  the  portions  of  this  program 
which  can  be  pursued  most  productively  in  our  federal  laboratories  and  those 
which  crin  be  pursued  most  erji>c!i.ely  in  the  engine  industry. 

Over  the  years.  NASA  has  in-ade  great  contributions  to  all  branches  of  aero¬ 
nautical  engineering  in  tlie  development  of  overall  theory  and  the  a<“cummation 
of  data  banks  of  generally  applicable  experimental  information.  Industry,  on 
('ther  hand,  lias  tradiUoiially  concentrated  on  the  reduction  to  practice  of 
i-ijorati  jual  .systems. 

For  example,  the  design  of  advanced  high  pressure  ratio,  high  Mach  number 
compressors  of  the  type  needed  in  the  future  will  require  new  theoretical  and 
experimental  information  on  the  characteristics  of  blading  operating  under  such 
conditions.  Data  of  this  type  is  of  general  applicability  and  can  be  used  over  and 
over  in  numerous  design  and  developmental  efforts.  The  accumulation  of  such 
information  is  most  profitably  done  on  a  national  basis  in  federal  laboratories. 
On  the  other  hand,  problems  which  are  specialized  to  the  particular  engine  sys¬ 
tem  are  best  solved,  on  the  job,  by  the  engine  system  manufacturer. 

As  a  statement  of  imlicy,  we  therefore  urge  that  in  addressing  the  general  re¬ 
quirements  outlined  in  the  following  testimony  the  federal  laboratories  con¬ 
centrate  on  the  evolution  of  generally  applicable  theory  and  associated  generally 
applicable  experimental  information  while  the  engine  industry  concentrate  on 
the  problems  which  tend  to  be  peculiar  to  the  development  of  operational  systems. 

The  dominant  trends  in  propulsion  system  technology  requiring  research  and 
“proof  of  concept”  development  are  oatUned  below  for  implementation  within 
the  context  of  the  roles  of  NASA  and  industry  discussed  above. 

1.  High  tip  speed  fans  and  compressors 

a.  Advanced  research  is  needed  for  fan  tip  speeds  to  increase  for  subsonic  and 
near  sonic  Mach  number  aircraft  use  and  for  mixed  mission  supersonic  use. 

b.  Compressor  tip  speeds  also  need  to  increase. 

c.  Stall  margin  and  distortion  compatibility  need  to  be  improved.  New 
analytical  design  techniques  and  new  blade  shapes  need  to  be  developed  to 
maintain  high  eflSciency. 
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2.  Higher  temperaturee 

a.  The  next  major  technology  effort  In  turbine  inlet  temperatures  should  be 
directed  toward  higher  temi>eratures.  The  focus  should  be  on  advanced,  long-life, 
air-cooled  turbines  and  combustors. 

b.  Advancements  In  hlgh-temperature  technology  decrease  fuel  consumption  In 
all  tyi)e8  of  engines.  The  ultimate  will  be  stoichiometric  turbine  temperatures. 
Exploratory  work  in  this  regime  must  be  started  in  this  time  period. 

3.  Improved  materiale  amd  prooeetea 

a.  A  revolution  is  taking  place  in  composite  materials :  the  high  strength,  high 
stiflneefl  fllammits  like  toron  and  graphite  In  a  suitable  matrix  of  epoxy, 
polyimide  at  aluminum.  Vigorous  de^opment  of  this  technology  in  fan  blades, 
and  engine  static  structural  components  is  essential — and  later,  for  high-tempera- 
ture  componenta 

bi  Signlfteant  progress  is  possible  In  higher  strength  superalloys  and  their 
application  to  tniblne  blades,  compressor  and  turbine  rotors.  Much  of  this 
progress  will  come  from  new  processing  development  such  as  powder  metal¬ 
lurgy,  activated  diffusion  bonding.  Inertia  welding,  and  directional  solidification 
in  vsstinga 

c.  Lower  cc  :,  longer  life,  more  reliable,  lighter  weight  engines  depend  greatly 
npcm  te<fimology  jmimvment  in  this  field. 

4.  Hoiae  reduotUm 

This  will  be  covered  separately  in  the  Aerospace  Industry  Association  testi¬ 
mony  on  10  December  1969. 

5.  Improved  engine-propulsion  system-aircraft  integration 

Propulsion  system  technology  is  on  no  plateau.  The  spectacular  advancements 
of  the  last  decade  can  be  matched  in  the  coming  decade  if  advanced  aeronautical 
research  and  development  obtains  the  required  recognition  and  support  Coordi¬ 
nated  effort  is  required  by  the  engine  manufacturers  and  the  aircraft  manu¬ 
facturers  assisted  by  NASA  in  areas  such  as  the  following : 

a.  In  the  subsonic  aircraft  field,  for  example,  we  must  press  forward  with 
short,  more  compact  advanced  turbofans  adaptable  to  low  drag  nacelle  designs ; 
we  must  determine  the  best  STOL  transport  turbofan  installation  design;  we 
must  establish  a  lightweight  STOL  reverser  system  capable  of  operation  down  to 
10  knots ;  we  most  develop  advanced  controls  and  sensors. 

b.  In  the  mixed  mission  supersonic  aircraft  field,  for  example,  we  need 
further  intensive  work  on  inlet  engine  compatabillty — a  challenge  to  the  engine 
designer  and  airplane  designer  alike.  Also,  great  progress  is  still  possible  in  the 
design  and  marriage  of  advanced  jet  nozzles  with  the  aircraft  afterbody  for 
reduced  closure  drags  and  reduced  Interference  drags. 

c.  Turbine  inlet  temperature  sensors  are  needed  for  gas  turbine  engines. 

Our  emphasis  on  the  foregoing  priority  technology  areas  in  the  next  five  years 

does  not  mean  that  we  advocate  n^lect  of  other  areas  necessary  for  balanced 
progress.  Important  work  is  needed  on  electronic  controls,  advanced  accessories, 
fuels  and  lu^,  fracture  mechanics,  computation  techniques,  bearings  and  seals — 
to  name  a  few.  Furthermore,  specialized  work  on  advanced  fuels,  hypersonic 
flight,  VTOL  lift  fans  and  others  must  proceed. 

6.  Advanced  turtojet/fan  technology 

The  following  are  typical  of  specific  advanced  engines  intended  for  service  in 
the  time  period  between  1976  and  1980,  engines  which  should  be  the  focal  point 
for  advanced  technology  by  NASA.  The  development  of  the  engines,  per  se,  would 
not,  in  our  opinion,  be  a  NASA  responsibility. 

a.  Advanced  subsonic  high  bypass  turbofan  engines  arc  required  for  use  as  the 
main  propulsion  engines  of  turbofan-powered  military  and  commercial  STOL 
transports,  V/STOL  transports,  and  also  CTOL  transports. 

High  speed  fan  and  compressor  technology,  advanced  nickel  superalloys  and 
c6miK)8lte  materials,  advanced  noise  reduction  technology  and  advancements  in 
engine-aircraft  integration  are  required  to  produce  such  a  versatile  STOL, 
V/STOL,  and  CTOL  propulsion  engine. 

b.  Advanced  small  engines  with  advanced  materials  and  high-speed  turbo- 
machinery  should  be  taken  through  proof-of-concept  testing  fOr  military  applica¬ 
tions,  with  itossible  extension  to  general  aviation. 

c.  Proof -of-concept  work  on  an  advanced  large  lift  fan  and  its  closely  Integrated 
gras  generator,  wii^  technology  more  advanced  than  current  developments,  will 
be  essential  to  military  and  commercial  V/STOL  transports  entering  service  In 
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the  near-1980  time  period  and  useful  to  STOL  ttausports  if  the  lift  fan  STOL 
approach  is  followed.  Composite  materials,  high-speed  turbomachinery,  advanced 
noise  reduction  features,  and  advanced  engine-aircraft  Integration  features 
are  all  essential  to  achieve  reliable,  long  cyclic  life  designs. 

C.  6TBUCTT7BES  AND  UATESIAUS 

In  this  technology,  much  research  has  been  done  in  the  aerospace  industry 
and  materials  industries,  supported  where  appropriate  by  contracts  from  mlUtary 
departments.  It  is  fair  to  say  that  NASA’s  role  in  structures  and  materials  has 
not  been  the  dominant  one.  Nevertheless,  NASA  has  made  noteworthy  contribu¬ 
tions  to  this  technology  and  we  feel  that  NASA’s  efforts  should  continue  on  a 
selective  basis. 

1.  High  strength  composites  using  various  fibers  and '^  trices 

The  use  of  high  modulus  high  strength  material  such  as  boron  and  graphite  in 
advanced  research  and  technology  will  provide  large  payoff  in  future  aircraft  of 
all  types.  We  urge  continued  emphasis  on  research  of  structural  designs  which 
take  full  advantage  of  these  materials  properties. 

2.  High  strength  and  lightweight  metal  alloys 

Better  lightweight  alloys  and  more  effective  use  of  titanium  may  well  be 
accelerated  by  renewed  efforts  by  the  basic  metals  industry  in  conjunction 
with  NASA.  R&D  efforts  leading  to  a  deeper  understanding  of  mechanisms  of 
fatigue,  corrosion  and  cracking  should  yield  improved  utilization  of  advanced 
materials. 

3.  High  temperature  materials 

High  strength  to  weight  ratio  materials  that  can  be  used  at  the  high  tem¬ 
perature  occurring  in  jet  engines  and  on  the  surface  of  supersonic  and  hyper¬ 
sonic  aircraft  are  urgently  needed. 

Great  strides  have  been  made  using  composite  materials  of  organic  resins 
and  aluminum  matrices  reinforced  with  filaments  of  I  'ron,  silicon  carbon,  beryl¬ 
lium  and  graphite.  The  reinforcing  materials  are  excellent  at  very  high  tempera- 
ture.s  but  the  matrix  in  which  they  are  imbedded  is  not. 

Continued  advanced  materials  development  effort  is  needed  to  remedy  the 
deficiencies  still  existing  in  the  matrix  at  high  temi)eratures.  The  end  result 
is  expected  to  be  a  practical  fabrication  technique  for  high  temperatur  carbon/ 
graphite  composites. 

/i-  High  temperature  adhesives  and  sealants 

New  polymer  developments  are  providing  the  basis  of  research  in  the  field 
of  adhesives  and  sealants.  Titanium  alloys  with  composite  substrates  are  useful 
for  the  very  high  temperature  regions  of  supersonic  aircraft  The  bonding  of 
alloy  to  substrate  is  a  major  problem  being  addressed  by  current  R&D.  The 
approach  is  through  the  development  of  thermally  stable  polyimide  adhesives. 

Sealants  for  fuel  tanks  located  in  the  high  temperature  regions  of  aircraft 
wings  is  another  major  problem.  'The  sealant  must  be  thermally  stable  and  in 
addition  it  must  be  chemically  compatible  with  hydrocarbon  fuels  at  high  tem¬ 
perature.  Continued  research  on  thermally  stable,  chemically  compatible  resins 
is  needed  and  will  lend  to  the  develop'’’''nt  of  satisfactory  high  temperature  tank 
sealants. 

0.  Corrosion  protection 

Development  of  a  highly  resistant  corrosion  protection  system  for  aluminum 
alloys  which  does  not  have  a  deleterious  effect  on  the  fatigue  properties  of  the 
material  remains  an  important  area  for  joint  effort  by  NASA,  the  military,  and 
industry. 

6.  Airplune  -fatigue 

While  it  is  known  that  NASA  is  currently  working  on  a  VN/VHN  program, 
it  is  suggested  that  some  effort  be  expended  to  try  to  establish  for  worldwide  use, 
spectrums  of  gust  exposure  which  would  prov»  le  design  criteria  for  use  on  air¬ 
craft  as  it  relates  to  fatigue  life. 

7.  Advanced  material  applications 

The  development  of  new  materials  with  major  improvements  in  mechanical 
properties  and  lower  cost  will  probably  require  government  funding  because  of 
the  limited  market  for  aircraft  materials  producers. 
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Structural  weight  can  be  reduced  through  accelerated  govemmenit/induatry 
development  of  advanced  materiala  applications.  This  will  require  a  govern- 
ment/industiy  program  to  build  prototype  cmuponents  of  new  materials  to 
demonstrate  their  practicality.  Much  of  this  work  in  the  past  has  been  done  by 
industry  under  military  sponsorship.  A  similar  relation^ip  between  industry 
and  NASA  would  enhance  the  effectiveness  of  its  structural  research  program. 

8.  Landing  gears 

a.  Rough  terrain  landing  gear  system — programmable  shock  strut,  high  flota¬ 
tion  tires  and  wheels,  load  alleviating  devices,  sensor  and  logic  systems  all  re¬ 
quire  attention. 

b.  Advanced  nonconventlonal  braking  methods — air  or  fluid  pump  or  turbine 
systems — deserve  investigation. 

c.  Improved  stopping  systems  are  needed  for  small  aircraft — anti-skid,  thrust 
reversers,  etc. 

9.  Nondestructive  testing 

Research  is  required  to  adapt  the  techniques  of  physics  anad  electronics  to 
the  nondestructive  testing  of  aircraft  structures  for  field  inspection  and  manu¬ 
facturing  inspection.  The  development  of  compo.site  structures  using  various 
chemical  adhesives  is  being  paced  to  a  considerable  extent  by  the  development  of 
these  new  techniques  to  assure  the  fidelity  of  chemical  bonds  without  destroy¬ 
ing  the  part  being  checked. 

The  list  of  potential  programs  which  we  have  suggested  does  not  in 
any  way  imply  a  massive  expansion  in  the  NASA  total  budget.  At 
pre.sent  the  budget  for  aeronautical  research  is  so  small,  as  a  percent 
of  the  total,  that  even  a  major  increase  would  only  have  a  modest 
dollar  impact,  perhaps  2  percent  or  less  of  total  NASA  budget.  Since 
it  is  such  a  small  percent  it  is  vulnerable  to  loss  in  overall  administra- 
ti\  o  cuts  and  therefore  it  needs  not  onlj'  to  be  expanded,  hut  carefully 
protected  once  establish''d. 

Mr.  ITKcrii.nR.  Amen. 

Mr.  Pkrkixs.  May  I  quickly  summarize  by  repeating  several  pri¬ 
mary  points.  Tb  j  future  position  of  the  United  States  in  relation  to 
the  rest  of  the  world  in  military  and  civil  amation  depends  on  aero- 
nautice.l  resc'arch  by  NASA  anrl  the  aovospacc  industry.  To  retain  a 
satisfactory  competitive  position  in  the  future,  it  is  essential  that 
NASA  liave  the  porsoaiiel  and  facilitie.s  to  cariw  out  an  accelerated  pro¬ 
gram  of  advanced  aeronautical  research.  For  the  same  reason  it  is  es¬ 
sential  that  the  aerospace  industry-  be  given  more  oppoilunities  to 
flevelop  and  test  actual  hardware. 

Thank  you,  ^Ir.  Chairman,  this  concludes  my  statement. 

iMr.  IlncjinEK.  Mr.  Perkins,  we  appreciate  very  much  this  veiy-  il¬ 
luminating  statement  which  you  made,  wliich  opens  up  many  areas  of 
additional  discussion. 

.\t  the  last  meeting  of  the  subcommittee  we  had  a  very  heaiy-  un¬ 
balanced  line  oi  er  h.ere  to  the  left,  and  we  were  outnumbered  on  my 
party's  side  by  three  to  one.  This  morning  we  are  very  pleased  to  be 
honored  not  only  by  the  chairman  of  the  full  committee,  but  by  the 
gentleman  from  ^fissouri,  Mr.  Symington,  wlio  has  long  taken  an  active 
interest  in  aeronautics.  I  would  like  to  recognize  the  gentleman  from 
Alissouri  for  any  comments  or  questions  he  cares  to  make  or  pose. 

Air.  SvMivoTON.  Thank  you  very  much,  Mr.  Chairman.  I  really  am 
here,  Mr.  Perkins,  on  suffei-ance,  rather  than  as  a  member  of  this  sub¬ 
committee.  I  am  on  another  subcommittee  which  is  currently  meeting 
and  listening  to  Mr.  Staats  of  the  General  Accounting  Office,  and 
should  perhaps  return  eventually.  But  I  wanted  very  much  to  come 
and  welcome  you  here,  at  least  as  a  member  of  the  whole  committee, 
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and  as  a  Representative  of  your  area  and  your  own  good  self,  and  to 
say  liow  proud  I  am  as  a  Missourian,  and  as  a  St.  Louis  Countian,  to 
have  a  gentleman  of  your  caliber  and  standing  and  background  appear 
before  this  committee  and  give  a  statement  of  this  significance. 

I  am  certainly  interested  in  the  aeronautical  aspects  of  NASA’s 
work,  as  I  am  sure  we  all  are  on  this  committee,  and  want  to  say  to 
you  how  grateful  I  am  to  you  for  taking  the  time  to  prepare  a  state¬ 
ment  of  this  character  and  present  it  to  this  subcommittee. 

I  will  say  again  how  grateful  I  am  to  the  chairman  of  the  subcom¬ 
mittee  and  the  chairman  of  the  whole  committee  for  letting  me  listen 
in. 

I  do,  Mr.  Chairman,  have  to  get  back,  I  think,  to  my  other  subcom¬ 
mittee,  because  the  line  is  considerably  unbalanced  there  at  the  moment. 
With  that  I  will  excuse  myself. 

Mr.  Perkins.  Thank  you. 

Mr.  Heciiler.  Thank  you,  Mr.  Symington. 

Chairman  Miller.  I  would  lilie  to  make  a  statement  before  Mr. 
Symington  goes.  California  owes  a  great  debt  to  Missouri  and  St. 
Louis  County,  to  a  man  by  the  name  of  Benton  who  represented  this 
area  in  the  Senate  of  the  United  States  and  was  responsible  for,  as 
much  as  any  other  man,  perhaps,  for  the  development  of  the  West. 
We  in  the  West  although  we  are  very  generous,  we  are  very  happy 
to  return  to  St.  Louis  County  and  to  stimulate  it  with  its  gr^t  aero¬ 
space  company  that  is  now  associated  with  McDonnell. 

Mr.  Stmington.  Thank  you  very  much,  Mr.  Chairman. 

Mr.  Hechler.  Mr.  Ooldwater,  do  you  have  some  questions  ? 

Mr.  Goldwater.  I  might  ask  one  question,  Mr.  Chairman,  of  Mr. 
Perkins. 

In  your  statement,  you  mentioned  there  was  a  need  for  organization 
on  a  national  scale  to  meet  aeronautical  research  and  development.  I 
am  wondering  how  you  envision  this  structure  should  be  organized, 
and  where  should  the  area  of  leadership  fall  ?  What  agency  should  do 
the  leading  and  the  managing,  the  long-range  mana^ng,  or  set 
policies  ? 

Mr.  Perkins.  >  re  you  referring  to  civil  transportation  problems, 
civil  aeronautics  problems? 

Mr.  Goldw.\ter.  Well,  in  your  statement  you  mentioned  that  there 
was  a  need  for  something  based  on  a  national  level. 

Mr.  Perkins.  I  referred  there  to  the  future  problems  of  air  trans¬ 
portation,  specifically  civil  air  transportation:  Collision  avoidance, 
traffic  control,  airport  facilities,  noise,  air  pollution,  and  so  forth. 
Problems  like  this  are  of  national  scope  and  we  see  no  hope  of  their 
being  readily  solved  without  more  national  action  than  has  been  taken. 
I  don’t  think  we,  from  the  standpoint  of  the  aerospace  industry,  feel 
that  we  should  tell  the  Government  which  agency  of  the  Government 
should  take  this  responsibility. 

Mr.  Goldwater.  Of  course,  you  have  to  work  within  things  as 
muddled  as  they  might  be.  It  seems  there  is  a  tremendous  overlapping 
of  interest.  Or  even  of  responsibilities.  I  think  this  has  probably  been 
a  problem  that  has  been  around  for  some  time.  We  can  only  look  at 
it  from  our  side,  but  perhaps  having  someone  that  has  to  work  with 
the  complications  that  are  involved,  now  might  an  organization  be  set 
up  to  better  coordinate  it  ? 
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Mr.  Perkiks.  As  I  understand  it,  and  I  am  not  personally  intimately 
familiar  with  some  of  the  aspects  of  this,  but  as  I  understand  it  DOT 
was  established  with  this  as  one  of  its  major  objectives,  to  take  on  the 
overall  management  in  this  area.  We  know  of  no  reason  why  that  isn’t 
a  logical  approach.  We  have  addressed  ourselves  primarily  to  the  rela¬ 
tion  between  DOT  and  NASA  in  technical  areas  and  between  our  in¬ 
dustry,  and  either  one  of  them,  in  technical  areas. 

We  feel  the  overall  management  seems  properly  placed  in  DOT, 
but  that  NASA  can  be  of  great  help  in  this  connection  on  technical 
problems. 

Mr.  Goidwater.  In  other  words,  N  ASA  should  be  subservient  to 
DOT? 

Mr.  Perkins.  That  is  an  awfully  broad  way  of  putting  it,  but  I  think 
in  regard  to  certain  technical  investigations'that  is  what  I  am  saying, 
yes. 

Chairman  Mtt.t,.  r.  Would  you  yield,  Mr.  Goidwater  ? 

Mr.  Goldwater.  Yes,  sir. 

Chairman  Mhaer.  Under  the  usual  way  we  operate  the  Government, 
wouldn’t  DOT  have  to  request  NASA  to  do  some  of  these  things  ? 

Mr.  Perkinb.  Yes. 

Chairman  Miller.  When  we  talk  of  DOT,  it  is  really  FAA  within 
DOT,  that  you  are  concerned  with.  In  the  past  all  those  people  who 
have  been  down  there,  have  they  been  the  type  of  people  amenable  to 
doing  anything  for  themselves,  or  would  they  rather  go  ahead  and  do 
it  on  their  own,  or  be  asked  ?  You  know  who  I  am  talMng  about.  He  is 
a  great  person,  a  very  good  friend  of  mine,  for  whom  I  have  great  re¬ 
spect.  We  can  get  these  things  worked  out.  Money  is  one  of  the  factors. 
It  is  very  easy  to  say  now  we  are  going  to  be  working  with  a  very  tight 
budget. 

Mr.  Perkins.  We  in  industry  feel  there  are  a  lot  of  cooks  in  this 
situation,  and  we  would  rather  not  complicate  the  problem  by  injecting 
too  much  of  ourselves  into  it,  except  -v^ere  we  can  be  h^rul. 

Chairman  Miller.  This  is  going  to  be  your  problem.  Tnis  is  where 
you  are  going  to  make  money,  or  hope  to  make  money. 

Mr.  Perkins.  We  are  extremely;  interested  in  hav^g  the  answers. 

Chairman  Miller.  At  the  same  time,  we  recognize  it.  You  are  going 
to  say,  “Congress,  you  do  it,  you  give  us  the  money  to  do  it.”  But  you 
don’t  want  to  get  snared  if  the  thing  doesn’t  go  too  well  by  coming  out 
and  actually  helping.  I  think  you  do,  but  you  don’t  express  it  very 
well.  The  people  I  mow  in  your  industry,  I  think  are  sympathetic. 

May  I  ask  you  offhand  have  you  ever  read  Mr.  Servan-Schieber’s 
book? 

Mr.  P*ERKiNB.  No,  I  haven’t.  Do  you  recommend  that  I  do  ? 

Chairman  Miller.  I  don’t  thing  you  are  so  concerned  with  American 
industry  in  Europe,  but  he  has  one  chapter  in  it  on  the  Concorde  that 
I  would  recommend  that  you  read. 

Mr.  Perkins.  I  will  do  so. 

Chairman  Miller.  I  might  cite  the  gist  of  it.  England  and  France, 
in  their  effort  to  tiy  and  overcome  the  lead,  almo^  bled  themselves 
white,  if  you  were  in  these  places  when  they  were  asking  for  $185  mil¬ 
lion  from  England,  and  $185  million  from  France.  Then  he  said,  what 
have  they  done?  They  built  it  out  of  the  wrong  kind  of  metal.  It  can’t 
go  more  than  mach  2  or  it  will  bum  itself  up.  TV^at  do  you  build 
DC-8’s  out  of,  is  it  aluminum  ? 
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Mr.  Perkins.  Aluminum  primarily. 

Chairman  Miller.  Do  you  use  a  lot  of  titanium  and  steel  ? 

Mr.  Perkins.  Some. 

Chairman  Miller.  It  can  stand  more  than  mach  2  ? 

Mr.  Perkins.  You  are  referring  to  the  SST. 

Chairman  Miller.  Ohj  yes.  He  said  within  4  to  5  years  the  Concorde 
will  be  a  second-class  airplane.  This  is  European  technology  at  the 
present  time. 

Mr.  Perkins.  Do  you  want  me  to  comment?  I  would  ratlier  not. 

Chairman  Mnj.BR.  I  don’t  want  you  to  comment.  I  shouldn't  criticize 
European  technology. 

Mr.  Perkins.  One  of  our  extremely  capable  competitors  is  inti¬ 
mately  involved. 

Chairman  Miller.  I  know  they  are  extremely  great  competitors. 
The  ones  I  think  we  have  to  consider  is  that  they  Imve  not  done  very 
much  in  this  field,  but  what  we  have  to  consider  eventually  is  Japan. 

Mr.  Perkins.  They  are  not  to  be  underrated. 

Chairman  Miller.  At  no  stage  of  the  ^me.  They  have  some  lab¬ 
oratories  that  are  now  working  and  I  visited  them. 

Mr.  Perkins.  Yes,  I  have  a  great  admiration  for  the  ability  of  the 
Japwese. 

^airman  Miller.  I  am  through.  Thank  you,  Mr.  Goldwater. 

Mr.  Goldwater.  I  have  no  furmer  questions. 

Mr.  Hechler.  I  was  particularly  interested,  Mr.  Perkins,  in  what 
you  were  saying  on  page  12  about  independent  research  and  develop¬ 
ment.  I  wondered  if  you  would  expand  on  what  the  importance  of 
independent  research  and  development  is,  both  to  the  industry  and 
to  the  Nation,  and  perhaps  talk  about  what  this  will  mean  to  the 
future. 

Mr.  Perkins.  I  would  be  very  happy  to.  This  is  a  subject  that  we 
consider  of  vital  importance  to  both  the  industry  and  the  Nation. 
It  is  the  point  at  which  many  new  ideas  start.  It  is  the  single  activity, 
from  a  t^nological  standpoint  which  is  the  most  vital  to  the  sur¬ 
vival  of  the  company  involved,  and  we  consider  it  an  absolute  neces¬ 
sity  in  doing  business  in  the  same  way  that  we  consider  it  a  necessity 
to  keep  accounting  records,  or  to  have  proper  manufacturing  facilities. 

There  has  been  quite  a  bit  of  discussion  about  IRAD  recently.  Some 
of  the  discussion  n^  been  based  on  a  fundamental  misunderdbinding 
of  how  the  costs  are  allocated.  It  has  been  assumed  in  some  quarters 
that  a  company  which  does  both  Government  work  and  private  com- 
merical  work  charges  all  of  its  independent  research  and  development 
to  ovearhead  which  is  all  charged  to  Government  work.  This  is 
definitely  not  true.  IRAD  is  equitably  allocated  between  commerical 
and  military  work  through  accounting  policies  and  practices  which 
are  approve  by  the  Government.  Fuitter,  the  Government,  in  order 
to  establish  additional  incentives  for  control  of  IRAD  by  the  con¬ 
tractor,  requires  contractor  sharing  of  the  portion  of  IRAD  which 
is  allocated  to  Government  contracts.  This  sharing  of  the  Government’s 
allocation  is  accomplished  by  negotiation  each  year  between  the  con¬ 
tractor  and  a  DOD  “Tri-Service  Board.”  NASA  is  also  involved  in 
these  negotiations.  In  addition,  the  Government  has  a  capable  team 
of  technical  people  review  the  work  done  by  each  company  in  IRAD 
from  several  standpoints. 
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In  the  case  of  my  own  company,  for  example,  currently  approxi¬ 
mately  50  percent  of  the  cost  of  such  work  is  borne  by  the  company 
either  through  allocation  to  commercial  programs  or  tlirough  sharing 
of  the  Government’s  allocation  under  the  Tri-Service  Board  agi’eement. 

The  part  which  is  charged  to  the  Government  is  recognized  by  the 
technical  review  teams  they  send  out  to  review  these  things  as  being 
the  kind  of  work  the  Government  believes  worthwhile.  Much  of  this 
work  is  of  a  creative  nature  that  if  it  were  not  paid  for  somewhere  it 
would  not  be  done,  and  if  it  were  not  done,  new  ideas  would  not  spring 
out.  These  ideas  are  the  starting  points  of  many  of  our  weapons  sys¬ 
tems.  Xot  all  the  ideas  for  new  weapons  are,  by  any  means,  created 
within  the  Government.  Many  of  them  come  from  industry.  This  is 
where  it  comes  from. 

Mr.  Hechler.  Mr.  Perkins,  I  think  3'ou  are  touching  on  a  very  im¬ 
portant  subject.  In  looking  at  the  clock,  I  note  our  time  is  starting  to 
run  short.  I  wondered  if  there  was  anything  more  on  this  subject  that 
you  could  submit  for  the  record? 

Mr.  Pekbuns.  We  would  be  glad  to. 

Mr.  Hechuek.  Once  again,  I  want  to  express  the  appreciation  of  the 
committee  for  your  very  useful  remarks  here  this  morning. 

If  there  are  no  questions  from  members  of  the  committee  we  will 
proceed  with  the  second  witness  this  morning,  Mr.  Mark  E.  Kirchner, 
manager,  V/STOL  Transport  Branch  of  the  Boeing  Co.’s  VERTOL 
Division,  also  speaking  for  the  Aerospace  Industries  Association  of 
America. 

(Additional  information  submitted  for  the  record:) 

I^'OJErPENDENT  RbSE^ABCH  AND  DEVELOPMENT 

Independent  Research  and  Development  (IRAD)  effort,  as  discussed  herein,  is 
that  portion  of  R.  &  D.  undertaken  by  DOD  and  NASA  contractors  which  is 
conducted  in  addition  to  that  required  in  the  specific  performance  of  contracts  or 
grants.  IRAD  effort  has  traditionally  been  viewed  as  in  the  national  interest 
because ; 

1.  The  independent  judgment  of  scientists  and  engineers  in  indu.stry  as  well  as 
those  in  government  should  be  beneficially  utilized  in  the  determination  of  the 
nature  and  level  of  technical  effort  to  be  expended.  Glovernment  cannot,  nor  does 
it  presume  it  can,  conceive  all  the  ideas  worth  pursuing  and  therefore  it  does  not 
endeavor  to  act  as  sole  judge  of  the  potential  of  all  new  concepts.  The  alternative 
to  independent  direction  of  IRAD  would  be  all-pervasive  government  planning 
and  control,  which  would  constrain  valuable  sources  of  new  ideas. 

2.  IRAD  is  undertaken  by  a  comxtany  on  its  own  initiative,  applying  its  best 
business  judgment,  to  update  and  develop  technological  capability  that  wiU 
effectively  meet  anticipated  needs  of  the  government  and  other  ou.stoniers  for 
advanced  products.  Without  the  new  concepts  and  knowledge  which  stem  from 
IRAD,  the  government  would  have  difficulty  finding  contractors  capable  of  meet¬ 
ing  technical  requirements  for  advanced  programs. 

S.  IRAD  assures  having  technology  adequately  at  hand  to  permit  both  govern¬ 
ment  and  industry  to  contract  for  advanced  new  programs  without  excessive  risks 
due  to  technical  “unknowns”. 

4.  Our  free  enterprise  system  requires  competition  of  ideas.  Parallel  IRAD 
effort  by  more  than  one  contractor  is  fundamental  to  effective  competition.  Only 
by  exploring  optional  approaches  to  a  problem  can  the  best  solution  be  found. 

5.  Independent  selection  of  the  level  and  type  of  IRAD  provides  flexibility  to 
exploit  promising  concepts  quickly  or  as  quickly  to  curtail  technical  efforts  which 
are  not  achieving  their  objectives. 

6.  If  the  aerospace  industry  or  any  other  industry  is  to  remain  viable,  the  price 
that  customers  pay  for  its  products  must  include  the  cost  of  keeping  current  the 
ability  to  innovate  and  compete  effectively.  IRAD  provides  this  ability  in  technical 
areas  and  is  as  logical  a  part  of  indirect  cost  as  maintenance,  administration, 
depreciation,  and  insurance. 
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7.  The  cost  of  a  contractor’s  IRAD  is  allocated  to  commercial  and  government 
work  In  accordance  with  accounting  policies  and  practices  approved  by  the  gov¬ 
ernment,  and  cost-sharing  agreements  between  the  contractor  and  government 
stipulated  by  the  Armed  Services  Procurement  Regulations.  As  a  result,  the 
contractor’s  commercial  business  bears  its  full  share  of  IRAD  cost  and,  in  addi¬ 
tion,  the  contractor  generally  shares  part  of  the  IRAD  cost  allocated  to  govern¬ 
ment  business. 

8.  Government  agreements  as  stipulated  by  the  ASPR  provide  ceilings  on  the 
amounts  chargeable  to  the  government  The  level  of  IRAD  is  further  constrained 
by  the  contractor’s  need  for  economy  to  meet  price  competition. 

In  simplest  but  slgniflcant  terms,  IRAD  is  a  major  source  of  new  technology 
arising  from  the  competitive  environment  in  American  Industry  and  the  wide¬ 
spread  technical  competence  available  in  individual  companies.  Commercial  and 
military  products  which  evolve  from  IRAD  have  been  and  will  in  the  future  be 
a  primary  factor  in  enabling  the  United  States  to  maintain  its  position  relative 
to  foreign  competition.  In  addition  to  government  controls,  competition  and  cor¬ 
porate  economics  effectively  constrain  the  level  of  IRAD  exi>enditure  and  oper¬ 
ate  to  insure  its  effectiveness. 

(Biographical  sketch  of  Mr.  Mark  E.  Kirchner  follows:) 

M*«ir  B.  Kibchneb 

Mr.  Mark  B,  Kirchner  became  Manager  of  Boeing-Vertol’s  V/STOL  Transport 
Branch  in  September  1960.  In  that  capacity  he  plans  and  directs  several  V'ertol 
V/STOL  new  bnsineas  activities. 

Bom  November  23,  1926^  in  Hampton,  Virginia,  Mr.  Kirchner  received  his 
education  at  the  Massachusetts  Institute  of  Technology  from  1945  through 
1948,  receiving  both  B.S.  and  M.S.  degrees  in  Aeronautical  Engineering  from  that 
institution. 

Mr.  Kirchner  Joined  the  Boeing  Company  in  1949  as  an  aerodynamicist  on  the 
B-47  program.  Between  that  time  until  1960  he  contributed  to  many  of  the 
Boeing  military  aircraft  production  and  new  business  programs  with  emphasis 
in  the  aerodynamics  and  flight  control  technologies. 

In  1960  Mr.  Kirchner  became  Chief  of  the  Aerodynamics  Staff  at  Boeing’s 
Commercial  Airplane  Division  and,  between  1960  and  1964,  contributed  to  the 
development  of  the  727  aircraft,  the  SST,  as  well  as  the  growth  versions  of  the 
707  and  720  transport  series. 

In  1964  he  was  transferred  to  the  Vertol  Division,  located  near  Philadelphia',  as 
that  division’s  Director  of  Technology.  He  then  sensed  as  Director  of  Advanced 
Hellc<4>ter  Development  prior  to  his  presmt  assignment  in  the  V/STOL  Transport 
Branch. 

Mr.  Kirchner  is  an  Associate  Fellow  of  the  A.I.A.A.,  the  Mid-East  Vice- 
President  of  the  American  Helicopter  Society,  member  of  the  Society  of  Auto¬ 
motive  Engineers,  and  has  been  active  on  comi^ttees  on  those  societies. 

Mr.  Kirchner  is  a  licensed  commercial  pilot,  having  ratings  in  fixed  wing  air¬ 
craft,  helicopters,  and  gliders.  He  also  has  an  instrument  rating  and  actively  uses 
his  personal  aircraft  in  bis  business  travels. 

Mr.  and  Mrs.  Kirchner  are  the  parents  of  three  children. 

STATEKENT  OF  MASK  E.  KIKCESER,  UANAGEE,  Y/STOL  TEAKS- 
POET  BEAKCH,  YEETOL  DIYISIOK,  THE  BOEIKG  CO. 

Mr.  Hechler.  Good  morning,  Mr.  Kirchner. 

Mr.  Kirchner.  Good  morning,  Mr.  Chairman.  I  am  certainly  hon¬ 
ored  in  being  asked  to  appear  before  this  committee.  I  have  been  asked 
by  the  Aerospace  Industries  Association  to  present  to  your  committee 
representative  views  of  the  aircraft  industry  on  recommendations  con¬ 
cerning  what  NASA  should  do  in  the  V/STOL  field,  with  emphasis 
on  civil  t  ’"iation. 

The  total  spectrum  of  V/STOL:  In  general,  my  remarks  will  en¬ 
compass  the  entire  spectrum  of  helicopters,  STOL’s  and  V/STOL’s. 
Helicopters  have  been  refined  to  a  relatively  high  degree  during  the 
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last  20-year  period  and  are  familiar  to  us  all.  Important  derivatives  of 
helicopters,  such  as  the  winged  helicopter  and  the  compound  helicopter, 
are  presently  in  the  developmental  stage. 

STOL  aircraft  can  generallj'  be  typified  as  belonging  to  one  of  three 
categories:  first,  very  low  wing  loading  fixed-wing  aircraft;  second, 
ivinged  aircraft  with  vertical  lift  augmentation  that  depend  on  for¬ 
ward  speed  for  control ;  third,  aircraft  with  vertical  life  augmentation 
that  have  controls  which  are  independent  of  forward  speM.  That  is, 
they  have  V/STOL-type  controls,  although  they  aren’t  V/STOL  air¬ 
craft  themselves.  Although  there  are  STOL  types  operating  that  de¬ 
pend  on  low-wing  loading,  STOL’s  which  depend  on  lift  augmentation 
and  those  with  V -type  controls  are  in  the  same  undeveloped  status  as 
V/STOL’s  in  general.  With  regard  to  (nonhelicopter)  V/STOL’s, 
many  different  types  have  been  proposed,  built  and  flown,  but  none  of 
the  U.S.  developments  are  committed  for  production,  either  military 
or  commercial. 

Why  are  no  U.S.  V/STOL’s  planned  for  production?  Over  the  past 
15  years  this  country  has  had  in  the  order  of  20  V/STOL  programs 
for  a  total  cost  of  several  hundred  million  dollars,  and  the  question 
is  often  asked :  Why  don’t  we  have  a  product  in  production  ?  I  have 
two  observations  with  respect  to  this  question  which  I  would  like  to 
discuss  briefly. 

1.  The  proliferation  of  configurations. 

2.  The  research  rather  than  prototype  nature  of  the  aircraft  built. 

Let  us  consider  first  the  proliferation  of  configurations. 

We  have  studied  and  built — 

Several  types  using  rotors: 

Several  types  using  propellers ;  and 
Several  types  using  turbofans  and  jets. 

The  debate  about  which  type  is  best  has  been  vigorous  and  long 
and  has  not  resulted  in  firm  conclusions  at  the  national  level.  The  de¬ 
bates  have  been  the  subjects  of  numerous  meetings,  papers,  and  studies, 
and  have  caused  frustration  to  regulatory  agencies,  Congress,  and 
potential  users. 

So  many  configurations  have  survived  so  much  study  because  there 
is  no  “best”  configuration  for  all  considered  missions  and  because  in 
many  cases,  the  differences  between  configurations  are  small.  The  logi¬ 
cal  selection  of  an  optimum  configuration  and  the  simultaneous  re¬ 
quirement  to  define  and  develop  the  rest  of  the  total  system  have  re¬ 
sulted  in  a  virtual  deadlock  of  V/STOL  developmental  progress  in 
the  United  States — another  example  of  a  chicken  and  the  egg  situation. 

The  secxind  observation  deals  with  the  nature  of  the  V/STOL  pro¬ 
grams  which  have  been  conducted  to  date.  Most,  if  not  all  of  them, 
iiave  been  research  aircraft  and  were  not  prototypes  for  production 
and  were  not  configured  to  be  competitive  with  other  transport 
systems. 

There  are  many  reasons  why  these  aircraft  were  not  competitive: 
lack  of  the  optimum  powerplants,  no  program  objective  to  achieve  a 
competitive  pavload,  low  funding  level,  insufficient  technical  home¬ 
work  prior  to  aircraft  manufacture. 

In  summary,  we  have  a  paradox:  as  recent  systems  studies  have 
shown,  there  is  on  one  hand  increasing  pressure  to  develop  short  haul 
V/STOL  air  transport  systems  to  .solve  an  increasing  need.  On  the 


other  hand  there  is  frustration  over  the  apparent  aimlessness  of  our 
V/STOL  pro^»i*am  and  the  absence  of  ny  emerging  operational 
vehicle. 

AVhat  is  the  place  of  V/STOL  in  civil  aviation?  I  am  certain  that 
we  are  aware  of  the  ever-increasing  difBculties  that  are  being  encoun¬ 
tered  in  traveling,  especially  for  relatively  short  distances.  Surface 
congestion  is  frequently  bumper  to  bumper — and  for  the  short  distance 
air  traveler,  the  trip  to  and  from  the  airport  in  many  cases  is  more 
time  consuming  than  the  flight  itself- 

Fifty-five  percent  of  the  total  intercity  business  travel  is  under  200 
miles,  i  might  say  we  have  emphasized  business  travel  here,  because  we 
think  it  is  most  applicable  to  this  type  of  transportation.  If  you  in¬ 
cluded  personal  travel,  the  percentage  would  be  much  higher. 

Of  this,  fixed  wing  scheduled  airline  penetration  is  less  than  8  per¬ 
cent.  However,  an  airline  system  that  could  compete  effectively  with 
the  automobile  and  train  would  find  a  very  lucrative  market. 

Mr.  Hbchler.  Everybody  says  the  train  has  been  over-competed  with 
so  much  now,  I  wonder  why  we  even  bother  to  mention  it. 

Mr.  Kirchner.  Well,  it  is  a  viable  system  in  the  short-haul  market 
and  should  be  considered  in  the  framework  in  which  we  are  discussing 
V/STOL  transportation,  very  definitely. 

If  a  V/STOL  airline  system  were  sufficiently  attractive  to  capture 
10  percent  of  the  business  0-200-mile  market,  the  resulting  demand, 
1,  would  be  21/2  times  the  revenue  passenger  miles  generated  by  the 
local  airlines  in  1969,  and  2,  would  require  about  275  100-passenger 
vehicles,  a  significant  statistic. 

The  Federal  Government  since  1964  has  spent  $1.5  million  in  studies 
that  examined  15  different  V/STOL,  STOL  and  VTOL  configurations 
for  the  short  haul  market.  Three  studies  were  sponsored  by  NASA, 
three  by  the  FAj^  one  by  the  Department  of  Commerce,  and  one  by 
the  Presidential  Science  Advisory  Committee.  Although  each  study 
had  its  own  unique  objectives,  such  as  “northeast  corridor,”  a  “national 
short  haul  system,”  et  cetera,  the  general  results  common  to  most  of 
them  were  as  follows : 

One,  it  was  shown  by  these  studies  that  efficient  STOL’s,  V/STQL’s 
and  VTOL’s  operating  from  VTOL  or  STOL  sites  could  compete 
economically  in  the  proper  total  system  environment  with  other  trans¬ 
portation  systems  in  the  short  haul  market  and  offered  economic  and 
time  savings  advantages  to  the  users. 

Two,  the  size  of  the  short  haul  traffic  is  large  and  therefore  a  small 
shift  of  this  ground  traffic  to  air  would  be  large  by  air  traffic  standards. 

Three,  in  addition  there  are  three  major  environmental  problems  in 
establishing  a  viable  short  haul  air  transport  system :  Noise,  air  traffic 
control,  and  terminal  and  support  facilities. 

All  of  this  results  in  a  major  quandary.  The  traffic  appears  to  be 
available,  but  the  size  of  the  vehicle  to  be  economically  viable  ap¬ 
proaches  100  passengers  and  therefore  reprc^nts  a  major  develop¬ 
mental  cost.  Finally,  the  traffic,  ground  facility,  and  community  ac¬ 
ceptance  problems  are  so  complex  that  any  airframe  development  alone 
is  doomed  to  economic  failure  unless  these  problems  are  simultaneously 
solved. 

Mr.  Hechler.  Excuse  me.  I  would  think  community  acceptance 
would  be  more  difficult  with  your  larger  aircraft. 
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Mr.  Kircuxes.  The  community  acceptance  problem  is  difficult  be¬ 
cause  the  benefit  of  a  V/STOL  transportation  system  necessarily  places 
the  terminal  facilities  close  to  the  communities,  and  therefore  you 
get  into  all  of  the  problems  associated  with  a  local  community. 

Mr.  Hechubr.  T^at  I  was  trying  to  drive  at  is  that  most  commu¬ 
nities  would  rather  have  a  V/STOL  facility  than  a  large  jet  facility 
at  their  doorstep,  wouldn’t  they  ? 

Mr.  Kibchiteb.  They  are  different  communities.  The  communities 
near  Kennedy  have  already  ezpre^ed  objections  to  the  interference 
to  their  daily  lives  by  the  Kennedy-type  facility.  If  V/STOL  facili¬ 
ties  were  provided  they  would  obviously  be  spread  out  and  be  at  new 
locations,  and  you  would  have  new  community  problems  associated 
with  them. 

Mr.  Hbchleb.  It  is  a  matter  of  degree,  though. 

Mr.  Kibchneb.  It  is  a  matter  of  degree.  It  is  a  very  serious  problem, 
though.  Take  New  York  City  alone,  Manhattan  Island.  There  was  a 
Pan  American  Building  operation,  and  it  had  community  problems, 
from  the  question  of  safety,  the  question  of  noise,  and  so  on. 

Now,  of  course,  we  are  going  to  address  those  problems  more, 
and  we  hope  we  are  working  successfully  on  them.  But  they  ai-e  prob¬ 
lems,  and  they  are  associate  with  the  community  acceptance. 

There  are  considerations  of  building  a  STOL  port  on  Manhattan 
Island  and  at  other  locations.  There  are  other  vertiports  proposed 
for  Manhattan  also.  Eachposes  individual  community  problems.  Oscar 
Bakke  of  the  FAA  considers  this  the  main  stumbling  block  of  the 
whole  V/STOL  development. 

And  for  that  reason  he  is  expending  a  good  deal  of  his  energies  on 
that.  I  may  be  mioting  him  incorrectly,  but  I  hope  not.  He  feels  tliat, 
unless  we  can  identify  in  the  next  8  years  real  estate  which  can  be 
dedicated  toward  air  traffic  corridors  and  be  associated  with  them, 
it  will  be  too  late.  It  might  be  impossible  to  do  so  thereafter,  because 
of  the  increasing  commitments  tor  other  purposes  of  certain  land 
dock  space,  and  other  space  that  might  be  used  tor  this  purpose. 

Mr.  Hbchleb.  That  is  a  very  pertinent  observation. 

Mr.  Kibchnbr.  Let’s  observe  how  we  stand  relative  to  Europe.  I.<efs 
summarize  recent  European  progress  to  help  add  perspective  to  this 
question. 

Progress  in  the  United  Kingdom  on  VTOL  has  followed  a  consistent 
line  of  development — ^mainly  toward  ^t  lift.  The  Hawker-Siddeley 
Harrier  is  the  only  production  V/STOL  aircraft  in  the  Western 
World.  It  is  now  in  service  with  the  Royal  Air  Force  and  is  being 
evaluated  by  the  U.S.  Marine  Corps.  This  aircraft  is  a  development  of 
the  Hawker-Siddeley  P-1127  which  first  flew  in  1960. 

The  British  Ministry  of  Technology  is  at  present  considering  final 
proposals  in  an  industry  competition  for  research  and  development 
funding  on  civil  VTOL  projects.  A  Ministry  decision  is  expected  to 
be  made  in  December  1969,  and  involves  a  Hawker-Siddeley  16  lift- 
engine  transport,  a  British  Aircraft  Corp.  STOL  design,  and  West- 
land  tilt- wing  and  tilt-rotor  concepts. 

It  is  interesting  to  note  two  facts  here :  First,  the  British  have  in¬ 
tensively  studied  and  promoted  the  use  of  lift  engines,  and  secured 
collaborative  agreements  with  the  French  and  Germans:  this  R.  &  D. 
investment  may  influence  the  British  choice  of  concept.  Second,  the 
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British  Ministry  of  TechnoloCT  evidently  considers  that  short-haul 
V/STOL  air  transport  will  he  competitive  with  an  already  well- 
developed  surface  transport  system. 

West  Germany,  in  an  attempt  to  leapfrog  to  a  position  of  competi¬ 
tive  strength,  has  decided  to  concentrate  jnost  of  their  aeronautical 
research  and  development  in  one  area — V/STOL.  Two  VTOL  de¬ 
signs  have  been  built  and  flown;  these  are  the  EWR  VJ-101  jet-lift 
fighter  and  the  Domier  31  jet-lift  transport.  Another  VTOL  fighter 
tj'pe,  the  VAK-191B,  is  due  to  fly  in  the  next  few  months. 

The  present  center  of  West  German  commercial  V/STOL  interest 
is  tlie  joint  Luftwaffe/Luftiumsa  Study,  controlled  by  the  German 
Defense  Ministiy,  for  a  V/STOL  short  haul,  transport  sized  to  carry 
100  passengers.  This  is  very  similar  to  the  British  study.  Submissions 
have  been  made  as  follows : 

VFW  VC-400/500  tandem  tilt  wing. 

VFW  VC-180  jet-lift  transport. 

VFW  VC-181  jet-lift  transport. 

MBB  Boelkow  140  tilt  wing. 

HFB  HFB-600  jet-lift  transport. 

Domier  DO-231  jet-lift  transport. 

Gross  weights  of  these  projects  are  all  in  the  100,000-  to  120,000- 
pound  category.  That  is  the  gross  weight  of  the  machine. 

The  French  developed  the  Breguet  941  deflected  slipstream  STOL 
transport  aircraft.  McDonnell-Douglas  is  the  U.S.  licensee  and  opera¬ 
tional  experiments  have  been  conducted  by  Eastern  and  American 
Airlines. 


by  Canadair  with  the  CL-84  tilt-wing  aircraft.  Two  years  of  flight 
testing  a  prototype  between  1965  and  1967  led  to  an  order  for  three 
more  CL-84’s  for  evaluation  by  the  Canadian  armed  forces.  These 
three  aircraft  are  due  to  %  in  1970. 

There  are  no  active  V/oTOL  developments  in  this  coimtry  compara¬ 
ble  to  those  outlined  above  in  either  the  commercial  or  military  areas. 
This  coimtry  has  no  pr<^am  comparable  to  Germany  or  England  to 
identify  a  specific  V/STOL  for  configuration  production  prototype 
development. 

The  requirements  for  a  system  approach:  Last  year.  Dr.  Stever, 
Chairman,  Aeronautical  and  Space  Engineering  Board,  National 
Acadeunr  of  Engineering,  presented  to  this  committee  a  report  as  a 
result  of  a  year’s  study  entitled  “Civil  Aviation  Research  and  Develop¬ 
ment  :  An  Assessment  of  Federal  Government  Involvement.”  He  stated 
that  their  most  important  recommendation  was  that  the  Federal  Gov¬ 
ernment  take  a  stronger  role  in  R.  &  D.  for  civil  aviation.  We  concur 
with  this  as  a  major  recommendation  and  believe  that  his  recommenda¬ 
tion  which  covered  all  civil  aviation  is  particularly  applicable,  and 
even  more  important,  to  V/STOL’s  and  STOL’s. 

I  would  like  to  di^uss  Dr.  Stever’s  recommendations  in  the  follow¬ 
ing  three  areas: 

1.  Total  system  requirements  and  analysis ; 

2.  Vehicle  development; 

3.  Technolc^  R.  &  D. 

Total  system  r^uirements:  With  regard  to  total  system  require¬ 
ments  and  analysis,  Dr.  Stever’s  study  recommended  that  the  newly 


established  Department  of  Transportation  was  the  natural  agency  to 
coordinate  the  Federal  Government’s  effort  to  define  the  needs  and 
make  the  recommendations  for  a  national  program. 

His  report  stated  that — 

Goals  should  be  formulated  with  reference  to  the  nation’s  total  transportation 
system,  taking  account  of  the  increasing  public  demand  for  air  transportation  as 
well  as  the  various  economical  factors  that  bear  on  civil  aviation.  Although  an 
in-house  Government  capability  should  be  developed  and  maintained  by  DOT  in 
transportation  systems  anaslyls,  it  is  strongly  recommended  that  industry  and 
other  private  Institutions  pa^clpate  In  carrying  out  these  studies. 

We  are  very  pleased  that  this  recommendation  has  been  implemented 
with  the  establishment  of  the  joint  DOT-NASA  civil  aviation  K.  & 
D.  policy  study  whose  executive  director  is  Lawrence  P.  Greene.  The 
objective  is  to  define  total  system  requirements,  aviation  requirements, 
and  R.  &  D.  policy  recommendations  by  the  end  of  1970. 

Vehicle  development:  In  the  case  of  the  V/STOL  and  STOL  fields 
there  are  many  configuration  options  so  that  the  process  of  selecting 
the  correct  ones  to  optimize  for  production  is  a  formidable  task.  As  in¬ 
dicated  earlier,  Germany  and  England  recognize  this  problem  and 
have  programs  to  select  a  single  configuration  for  the  development  of 
prototype  vehicles  and  related  technology. 

In  order  to  focus  technology  re^arcn  and  vehicle  development  in 
this  complex  V/STOL  field,  it  is  recommended  that  NASA  continue  to 
contribute  to  the  system  studies  beir^  directed  by  DOT  with  respect 
to  the  technological  aspects.  The  airlines  in  their  role  as  ultimate  user 
must  be  active  participants  in  developing  the  system  requirements  in¬ 
cluding  vehicle  technical  requirements. 

The  adherents  of  various  concepts  should  participate  in  the  studies 
to  insure  that  the  good  decisions  are  reached.  Funded  industry  par¬ 
ticipation  with  sufficient  depth  will  allow  technical  consistency  and 
provide  substantiation  in  areas  such  as  structures,  weights,  propul¬ 
sions,  control,  et  cetera.  The  results  from  these  studies  will  be  valuable 
in  highlighting  the  technolomcal  research  areas  that  need  emphasis. 

Mr.  Hechler.  Excuse  me,  Mr.  Kirchner.  A  brief  interjection  here. 
The  comments  you  are  malong  with  respect  to  STOL  and  V/STOL 
could  well  apply  to  other  areas  across  the  board,  could  they  not,  sir  ? 

Mr.  Kibchner.  Yes,  to  some  extent.  We  do  believe  they  are  partic¬ 
ularly  important  to  V/STOL  and  STOL,  berause  of  the  requirement 
to  develop  the  total  system  simultaneously  with  vehicle  development. 

In  other  words,  with  fixed-wing  aircraft  and  our  conventional  air¬ 
craft  system,  we  do  have  an  existing  ^stem.  The  manufacturer  can 
go  out  and  develop  a  new  aircraft  on  his  own,  and  know  that  the  sys¬ 
tem  exists  ready  to  receive  that  aircraft.  So  it  is  the  quality  of  the 
aircraft  that  is  going  to  determine  whether  it  can  be  useful  or  not.  Not 
so  with  STOL  or  V /STOL,  because  if  you  develop  a  V/STOL  or 
STOL  aircraft  independently  without  the  rest  of  the  system  being 
developed  it  can’t  compete  in  the  present  environment.  The  environ¬ 
ment  for  a  competitive  ^stem  doesn’t  exist. 

The  conventional  aircrafts  are  better  on  our  conventional  airports 
and  conventional  airways  systems. 

Mr.  HECHUEiB.  Thank  you. 

Mr.  Kirchner.  Technology  R.  &  D.  The  traditional  leading  role  of 
the  NASA  in  aeronautical  research  should  be  reestablished.  Facili¬ 
ties  required  for  this  research  need  major  improvement  and  are  dis- 
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cussed  in  a  following  section.  An  appendix  attached  to  this  testimony 
details  the  compilation  of  industi^  recommendations  for  technology 
research  of  importance  to  the  V/STOL  field.  Next  I  would  like  to  cover 
highlights  excerpted  from  that  compilation. 

Sesearch  and  development  highlights.  I  wcild  like  to  interject  a 
statement  here  relative  to  the  discussion  that  took  place  with  Mr. 
Perkins.  That  has  to  do  with  some  of  the  researcfi  areas  that  we  do 
not  disciKS  in  our  compilation. 

They  involve  the  development  of  the  electronic  support  equipment 
for  collision  avoidance,  air  traffic  control,  operational  problems  and  so 
on,  as  pertinent  to  the  previous  discussion. 

We  support  research  in  these  areas.  We  support  NASA's  Electronic 
Besearch  Center  and  the  contributions  it  is  making  to  these  areas.  The 
reason  we  left  them  out  was  that  we  are  aware  that  the  FAA  and 
NAS.^  are  trying  to  work  out  their  relative  roles  in  these  areas  and, 
as  Mr.  Perkins  said,  we  do  not  want  to  appear  to  have  an  ax  to  grind 
with  respect  to  which  of  the  two  agencies  is  prime. 

We  do  support  the  development  of  that  research.  We  don’t  want  to 
appear  not  to.  But  we  do  not  know,  and  frankly  do  not  care,  who  in 
the  Government  manages  it. 

Mr,  Hechter.  Just  so  long  as  it  is  managed. 

Mr,  Ktrchner.  So  long  as  it  is  managed.  So  we  beg  for  a  decision, 
and  we  will  cooperate  with  that  decision. 

Mr,  Hechleh.  I  appreciate  your  clarifying  that.  That  is  very  helpful. 

Mr.  Kirchner.  Likewise,  you  will  see  in  my  testimony  that  I  do  not 
make  specific  references  to  electronic  support  equipment  and  opera¬ 
tional  problems,  other  than  specifically  those  areas  where  we  do  believe 
it  is  clear  that  NASA  is  prime. 

As  you  will  see,  many  of  the  separate  discipline  or  technology  items 
mentioned  by  Mr.  Perkins  in  his  testimony  are  of  great  importance  for 
the  V/STOL  field  also.  Additional  areas  of  unique  importance  to  the 
V/STOL  field  can  also  be  identified.  While  some  of  these  areas  are 
applicable  to  all  types  of  V/STOL,  others  are  strongly  related  to 
specific  configurations,  further  emphasizing  the  need  for  focusing  our 
activities  to  prevent  dilution  of  technical  research.  Among  the  areas 
applicable  to  all  types  of  V/STOL,  the  following  are  of  primary 
importance. 

1.  Terminal  area  oferaU<^. — ^The  pay-off  of  V/STOL  aircraft  is 
critically  dependent  on  avoiding  the  terminal  area  congestion  experi¬ 
enced  by  conventional  fixed-wing  aircraft.  Advantage  must  be  taken 
of  the  low-speed,  steep-angle  capabiliti^  of  th^  aircraft  to  develop  a 
terminal  area  operating  system  providing  rapid  landing,  tumarouii  I, 
and  takeoff. 

NASA  should  work  on  improving  the  technical  characteristics  of 
aircraft  for  terminal  area  operations. 

2.  Materials. — Advanced  materials,  particularly  composites,  are 
rapidly  coming  into  use  for  special  applications.  Structural  design 
concepts  which  are  matched  to  these  materials  need  to  be  developed  to 
reap  maximum  benefits.  This  is  especiaUy  true  for  rotors  and  propel¬ 
lers  where  the  cascading  effect  is  such  that,  for  a  given  mission,  each 
pound  of  weight  saved  csn  reduce  the  vehicle  gross  weight  by  as  much 
as  6  pounds. 

3.  Flying  qua^ies  and  flight  controls. — Civil  flying  qualities  spec¬ 
ifications  are  the  responsibility  of  FAA.  NASA  should  contribute  to 
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the  technical  development  of  the  V/STOL  specifications  by  appropri¬ 
ate  analysis,  simulation,  and  flight  research.  Research  on  fly-by-wire 
systems  specifically  adapted  for  V /STOL’s  is  important. 

4.  Advanced  proj^laion  «y«<enw.-^pecial  efforts  should  be  pur¬ 
sued  to  raise  the  allowable  turbine  inlet  temperatures  permitting  a 
reduction  in  engine  weight  and  in  fuel  consumption.  Advanced  mate¬ 
rials  are  required  to  permit  these  temperature  increases. 

In  the  following  areas  the  work  required  is  critically  dependent  on 
the  configuration  ^ected. 

KomB 

Noise  reduction  is  required  for  rotors,  propellers,  and  engines,  yet 
improved  vehicle  performance  seems  to  promote  designs  which  pro¬ 
duce  high  noise  levels.  We  need  noise  research  in  all  areas,  but  we  must 
not  neglect  the  special  problems  of  rotor,  propeller,  or  jet-driven 
V/STOL  configurations. 

AERODYNAMICS 

Interference  effects  between  wings  and  bodies  and  the  powered  lift¬ 
ing  system  (rotors,  propellers  or  jets)  are  especially  important  for 
V/STOL  aircraft.  These  effects  need  to  be  carefully  studied  in  the 
wind  tunnel  and  analytically.  Ground  proximity  effects  are  also  im¬ 
portant.  These  effects  include  downwash,  reingestion,  recirculation,  and 
“suck  down”  effects,  and  critical  areas  for  research  vary  substantially 
between  rotor,  propeller  and  jet-driven  configurations. 

FLtnrrER  and  dynamic  stability 

The  configuration  of  many  V/STOL  designs  makes  them  particu¬ 
larly  susceptible  to  various  combined  rotor-airframe  djTiamic  flutter 
phenomena.  Efficient  and  reliable  means  to  predict  and  control  these 
phenomena  must  be  developed  and  verified  by  test. 

anticipated  facilities  REQUIREMENTS 

V/STOL  technical  research  presents  problems  which  demand  cer¬ 
tain  specialized  facilities  which  are  not  necessary  for  conventional  air¬ 
craft.  In  wind  tunnel  testing  the  large  masses  and  high  velocities  of 
airflow  used  to  generate  powered  augmented  lift  can  disturb  the  tunnel 
flow  and  reflect  from  tunnel  walls. 

This  suggests  that  much  more  work  needs  to  be  done  in  tunnel  test¬ 
ing  techniques  to  obtain  good  data  in  conventional  wind  tunnels  and 
that  special  purpose  test  facilities  must  be  created.  Moreover,  the 
ground  effects  resulting  from  the  impingement  of  the  slipstream  on 
the  ground  presents  problems  on  all  V/STOL  configurations  which 
require  far  more  investigation. 

Large  wind  tunnels  with  good  low-speed  characteristics  and  equipped 
to  simulate  low-speed  operation,  particularly  near  the  ground,  and  to 
simulate  the  effect  of  gusts,  are  urgently  needed  for  the  quickest  and 
most  effective  development  of  all  V/STOL  configurations. 

Flying  qualities  of  V/STOL’s,  especially  at  low  speeds,  and  steep 
flight  paths  are  vital  to  the  critical  termmal  operations.  Most  con¬ 
figurations  offer  opportimities  for  developing  both  stability  and  con¬ 
trol  characteristics  which  can  be  optimized  to  minimize  pilot  tasks  and 
maximize  aircraft  safety  in  these  low-speed  regimes. 
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Proper  optimization  of  th^  stability  and  CMitrol  characteristics  «e- 

?[uire8  cood  simulation.  Specifically,  large  amplitude  moving  base  simu- 
ator  mcilities  are  required  whiw  would  satisfy  the  totid  spectrum 
of  V/STOL  flight  from  hover  to  cruise. 

Noise  will  be  a  controlling  factor  in  t^e  operational  usage  of 
V/STOL’s  in  the  downtown  areas  where  the  characteristics  can  pro¬ 
vide  a  maximum  commercial  benefit.  Modem  acoustical  lewarch  and 
measurement  laboratoiy  facilities  including  an  acoustical  wind  tunnel 
need  to  be  provided. 

NASA  could  make  a  major  contribution  to  the  rapid  and  effective 
development  of  V/STOL  aircraft  by  providing  these  facilities. 

I  would  like  to  interject  another  comment  here  if  I  might.  We  dis¬ 
cussed  in  Mr.  Perkin’s  testimony  the  question  as  to  whetfor  the  Gov¬ 
ernment  ^ould  provide,  for  the  benefit  of  industry,  facilities — re¬ 
search  facilities. 

And  I  think  the  answer  to  that  involves  a  matter  of  degree.  It  is  a 
relative  thing. 

I  would  like  to  point  out  that  I  am  just  an  expert  in  the  Boeing 
operation,  but  Boeing  is  only  one  of  the  many  companies  we  are  rrare- 
senting  here,  and  Boeing  alone  has  built  its  own  $8  million  V/STOL 
wind  tunnel  facility  and  it  is  full  with  our  own  research. 

Now,  not  to  stay  NASA  hasn’t  done  so,  too.  They  have  built  a  wind 
tunnel  similar  to  ours.  I  might  say  quii^y  others  in  industry  have 
done  the  same  thing — Lockheed  has  a  tunnel  similar  to  ours,  and  I  am 
sure  there  are  other  companies  that  have  other  advanced  facilities  for 
V/STOL.  Also,  N  ASA  has  done  the  same  thing. 

But  their  tunnel,  to  support  the  whole  country,  is  no  more  sophisti¬ 
cated  than  ours.  One  might  mention  the  vertical  wind  tunnel  that 
NASA  has  built.  It  is  not  really  a  vertical  wind  tunnel.  It  is  a  hover 
chamber,  in  which  you  can  test  rotors  and  other  smiliar  devices. 

I  would  like  to  refer  to  the  level  of  money  spent  on  V/STOL  re¬ 
search.  I  know  that  NASA’s  numbers  are  somewhat  argumentative; 
because  of  bookkeeping  problems,  it_  is  hard  to  figure  out  what  is 
clearly  applicable  to  V/STOL.  You  will  see  that  we  quote  that  NASA 
spent  $8  million  for  V/STOL  research  in  fiscal  year  1969.  Now,  I  don’t 
have  the  figures  on  all  of  industjry,  but  Boeing  alone,  in  our  own  small 
divisionj  spent  approximately  twice  that  much  in  calendar  1969. 

So  it  IS  a  matter  of  degree.  We  look  to  the  Govermnent  for  leader¬ 
ship  in  what  they  want. 

And  of  course  NASA  is  one  of  their  tools.  Industry  certfdnly  uses 
the  level  of  Government  interest  as  one  of  the  important  indicators  in 
establishing  its  research  levels  in  various  areas. 

I  would  like  to  sulnnit  for  the  record  an  appendix  listing  required 
V/STOL  research. 

APPBNDIX , 

Appendix  to  Testihont  or  M.  E.  Kibcbneb 

DETAILED  LISTING  OF  SIGNIFICANT  TECBNOLOGV  XLElfENTS  fOr  NASA  KESEARCB  ON 
V/STOL  AS  COUPmCD  FBOU  INDUBTBT  SBCOlfUENDATIOiNB 

Propulsion 

Beingestion  problems  of  direct  lift  engines. 

Eactors  affecting  lift  engine  reliabilftr. 

High  tip  speed  flans  and  compressors  (IWO-ISOO  fps). 
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locrtased  tarUiiQ  inlet  temperatures  (SOO(M1200°  S'). 

This  requires  work  in  cooli)>g  systems  and  l^h  temperature  materials. 
ImprOTi^  materials  and  processes,  &oron  and  graphite  in  resin  and  metal 
matrices  and  high  strength  nickel  iniper  alloys  offer  promise. 

Improved  engine/aircraft  integrdtlon.  Benefits  Include  drag  redaction, 
maintalna'hillty  and' lower  weight 
Improved  tolerance  to  inlet  flow  distortion. 

Criteria  tor  lift  engine  in*fllght  starting. 

Large  diameter  V/STOL  propellers. 

Te<£nology  of  cyclic  plt<di  ap^ed  to  V/STOL  propellen. 

Airfoils  for  V/STOL  propellers. 

Stractural  design  and  loads  criteria  for  V/STOL  propellers. 

Human  f  aaton 

Integrated  display  and  cockpit  design. 

UateiriaU 

Propertfesdf  composite  materials  and  systematic  investigation  of  a  variety 
of  structural  concepts  suited  to  these  materials. 

j Fatigue  data-in  both  low  cycle  and  high  cycle  ends  of  the  spectrum  for 
advanced  materials. 

■Rotary  wing  aerodynamics 

Airfoil  dynamic  and  aerodynamic  data  in  reverse  flow,  stall  and  oscillatory 
angle  of  attack  environments  typical  of  helicopters. 

Jet  flap  and  circulation  controlled  rotors,  both  gas  driven  and  shaft  driven. 
Aerodynamics  of  slowed,  stopped  rotors. 

Rotor  and  propeller  dynamics 

Analytical  methods  to  predict  and  control  prop/rotor/airframe  dynamic 
instabilities.  Obtain  test  correlation. 

Noise 

.  Noise  attenuation  for  direct  lift  engines. 

Noise  Rttenuatioa  for  propellera  and  rotors. 

Acoustic  fatigde  criteria  for  direct  lift  engines  and  associa: ' d  structure. 
'Stability  and  control  '  ' 

Flight  control  requirements  for  IFR  operation  in  confined  areas  such  as 
roof  top  VTOL  or  STOL  ports. 

Control  power  criteria  for  V/STOL  vehicles, 

'  Fly-by -wire  control  system  design  criteria  for  V/STOL  vehicle.s. 

Cross  wind  effects  on  various  V/STOL  and  STOL  configurations. 

Flying  qualities  requirmnents  for  very  large  rotary  wing  aircraft 
Flight-  management  systems  including  power  management  and  automatic 
stabilization  and  control.  , 

^teep  descent  rate  stabilization  system. 

Aerodynafmcs . 

Externally  blown  flaps  and  other  high  lift  devices  in  conjunction  with  di¬ 
rect  lift  engines  for  VTOL  and  STOL  aircraft. 

Downwash  effects  of  propeller,  fan  and  Jet  lift  systems. 

Aerodynamic  ground  effects. 

Interference  effects  betwemi  direct  lift  engine  and  various  high  lift  devices. 
Mp.  'Heohlb*.  Wonld  aeroejpace  industries  be  able  to  supply  a  figure 
for  total  industrywide  effort? 

Mr.  KntCHNBR.  We  will  attempt  to  provide  for  the  record  at  a  later 
date  a  compilation  of  R,  &  D.  conduct^  by  industry  on  V/STOL  in 
1969. 

Mr.  Hbchlqb.  J  would  appreciate  that. 

Mr.  KiBcmNEB^  All  right,. 

So  it  is  a  matter  of  degree,  you  see — it  is  a  relative  thing.  We  appre¬ 
ciate  what  the  Government  does  for  the  country,  but  we  look  to  the 
Government  for  leadership.  We  have  discr^ionary  funds  we  can  direct 
toward  one  thing  or  anethervaod  we  are  all  searching  for  what  is  good 
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ior*  th6  country.  What  is  mod  for  the  country 'is  gciod  for  us  too,  and 
we  want  to  build  the  products  the  country  wants. 

In  shtnniarizatiou,  in  deseribing  otir  r^inmendations  for  NASA’s 
V/S1X)L  research  program,  1  hare  discussed  the  following  topics: 

(а)  The  status  of  the  U.S.  and  foreign  V/STOL  programs. 

(б)  '  The  establMiment  of  the  joint  DOT-NASA  civil  aviation  R.  & 

D.^licy  study. 

(c)  'Ine  suggestion  for  NASA  to  participate  with  indust^  in  the 
DOT  systems  studies  in  order  to  fonnulate  expanded  V/STOL .  re¬ 
search  programs. 

{d)  A  suggested  list  of  specific  research  and  developments  items. 

1^)  Recommendations  for  increased  NASA  facilities. 

'ine  urgent  work  for  NASA  that  we  have  recommended  would  re¬ 
quire  a  substantial  increase  in  NASA’s  aeronautical  research  funds 
devoted  to  V/STOL,  compared  to  the  approximately  $8  million  they 
had  in  fiscal  year  1969 — onty  6.2  percent  ot  the  total  NASA  budget  for 
that  year. 

Thank  you. 

Mr.  Hbchuek.  Thank  you  very  much,  Mr.  Kirchner. 

Mr.  Goldwater,  do  you  have  any  questions  you  would  like  to  pose? 

Mr.  Goldwatkb.  I  want  to  ask  a  few,  Mr.  Chairman. 

This  area  of  V /STOL,  vertical  lift,  is,  I  guess,  in  a  way,  not  new, 
blit  it  is  new  in  the  sense  we  dim’t  have  them  flying  around. 

Mr.  Kibchker:  That  is  correct; 

Mr.  GrOLDWATER.  In  your  work,  what  system  do  you  have?  That 
TJ.S.  Industry  has  come*  up  with  what  seems  to  be  the  best  system  so 
far,  dr  ban  you  really  say  ? 

Mr.  Kirchner.  It  is  difficult. 'to  cwnment  on  that.  Various  members 
of  the  industry  do  have  different  ^proachee.  Of  course,  I  believe,  they 
have  different  degrees  of  substantiation.  ’  ' 

I  do  believe  that  is  an  area  where  NASA  can  help.  The  DOT-NASA 
study  group  could  establish  which  ones,  through  the  substantiation 
that  has  been  produced,  might  enjoy  or  deserve  further  work. 

I  can  only  say  that  there  are  several. 

Let  me  enumerate  the  kinds  that  are  typical.  With  regard  to  STOL’s 
we  have  propeller  STOL’s  such  as  the  McDonnell-Douglas  Breguet 
derivatives,  which  are  essentiaify  high-lift  fixed-wing  aircraft  with 
turboprOps. 

Now,  an  extension  of  that  concept  is  to  put  a  hinge  on  the  wing, 
allow  the  wing  to  tilt,  and  you  havewhat  is  called  a  tilt-wing  aircrafe 
This  aircraft  can  actually  slow  down  to  zero  speed  and  go  to  a  full 
hover  in  flight. 

Other  types  of  STOL’s  are  fan  STOL’s.  Now,  fan  STOL’s  do  not 
depesnd  on  propeller  slipstreams  over  the  wing  in  order  to  provide 
augmented  lift,  but  there  are ‘ways  of  providing  augmented  lift  on 
such  designs.  Blowing  the  fan' exhaust  air  over  external  flaps  (called 
externally  blown  flaps) ,  bleeding  the  engines  and  providing  ^undary- 
layer-control  or  jet-flap-actibn,  are  samples  ,  ot  this  type  of  aug¬ 
mented  lift. 

We  would  call  those  augmented  STOL’si  The  best  example  I  can 
think  of  is  the  Boeing  707  prototype  which  was  modified  to  have 
'lN>Ttnda^-}ayer.>cbntf biff  apis.  It  was  actually  flbwii  by  NASA  in  that 
codflgfi^tion,  as  a  matteriof  fact:  There  are  none 'mat  I  can  think 
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of  ri^it  off  hand  that  you  might  be  more  familiar  with  than  that 
particular  one. 

Qoing-on  in  the  V/STOL  area^  we  have  the  familiar  rertical  lift 
engine  otm^foration  where  Tertieal  lift  engines  are  either  placed  in 
the  fuselagei  m  wingtip  pods,  or  in  some  kind  of  retractable  configura¬ 
tion,  such  that  they  provide  augmented  vertical  lift  to  the  wing  lift. 
This  approach  can  fe  used  as  a  STOL  where  the  lift-engines  don’t 
provide  enough  lift  to  lift  the  entire  weight  of  the  aircraft,  or  a 
VTOL  urcran,  in  wMch  case  th^  da 

Another  configuration  can  be  described  as  a  tilt  rotor.  A  tilt  rotor 
is  similar  to  a  hdicojrter,  in  that  it  has  rotors  to  provide  the  main  lift. 
But  for  forward  fli^t,  the  aircraft  converts  by  tUting  forward  these 
rotors  to  a  horizont^  position  so  they  look  like  very  large  propellers. 
This  is  a  V/STOL  machine. 

There  is  the  cmnpound  helicopter.  The  difference  between  a  winged 
helicopter  and  a  compound  helicopter  is  that  a  compound  lielicopter 
has  not  only  a  wing  but  an  auxiliary  forward  propulsion  system  in 
addition  to  the  wing. 

The  vertical  rotor  of  the  compound  helicopter  is  used  only  for 
lift.  In  the  winged  helicopter,  the  rotor  is  not  only  used  for  vertical 
lift  but  is  tilted  sli^tly  forward  to  provide  the  propulsive  force  in 
cruise. 

I  would  say  that  generally  covers  the  scope  of  the  types  of  con- 
fi^rations  that  are  most  common.  I  apologize  for  leaving  out  any 
vmich  I  haven’t  thought  of  at  the  moment. 

My  point  is  that  we  have  a  variety  of  these  options-  that  I  have 
described.  That  is  one  of  the  problems.  They  are  sophisticated  ma¬ 
chines.  Any  one  of  them  requires  substantial  research. 

So  when  we  have  the  total  spectrum  in  front  of  us  it  is  difficult  to 
see  how  we  can  expect  NASA  to  do  research  on  everything.  We  don’t 
expect  theih  to. 

That  is  why  we  recommend  that  the  study  group  try  to  focus,  as  a 
result  of  the  work  that  has  already  been  done,  upon  fewer,  more  sub¬ 
stantiated  configurations  of  those  that  have  been  studied,  so  industry 
as  a  whole  can  work  oil  those  in  a  more  concentrate  way. 

Mr.  GouiwATtat.  What  j^u  are  saying  now  is  that  the  art  is  not 
refined  at  all,  it  is  sort  of  in  a  broten  stage. 

Mr.  Kirchn£r.  I  would  say  it  is  somewhat  refined,  but  there  are 
too  many  options.  The  woric  that  needs  to  be  done  is  largely  develop¬ 
mental.  L  think  the  invention  aspects  of  the  technology  is  fairly  well 
in  hand. 

The  developmental  aspects  of  the  technology  is  not  as  well  in  hand. 
That  is  the^ihportant  point.  That  is  why  one  would  like  to  focus  one’s 
attention  on  the  developmental  research  of  a  fewer  number  of  options 
and  malm  more  snbstantial  progress  on  those. 

"l^ich  ones  you  would  concentrate  on  are  largely  a  function  of  the 
analysis  Of  the  total  Systran  requirraienf .  In  itiany  cases  the  configura¬ 
tions  are  not  only  different  technically  but  they  are  better  at  slightly 
different  applications, 

Mr.  Gouwvatfsb.  Would  ydur  answer  be  that  NASA  take  the 
leadership! 

Mr.  KiROHirni.  Well,  I  was  asking  for  the  DOT-NAS A  study  group 
take  the  leadership  in  tins  kind  of  systems  work,  and  for  NASA  to 
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take  leadership  in  supporting  that  kind  of  activity  from  a  tech¬ 
nological  sttuidpoi^ 

Mr.  GrOXjywATER.  It  seems  tb  me  industry  would  be  jwobably  a  better' 
jud^  of  it. 

Mr.  KmcHNEK.  We  certainly  want  industry  to  participate.  We  also 
want  the  airlines  to  participate. 

We  think  leader^p  is  required  with  regard  to  the  focusing  task, 
and  I  don’t  want  to  im^  for  a  minute  that  we  think  industry  should 
be  excluded  from  this.  We  think  industry  should  in  fact  do  most  of 
the  work  in  sup^rt  of  this  activity,  piaiu<mlarly  on  a  funded  basis. 
When  it  is  on  a  ninded  basis,  it  is  in  a  competitive  environment,  and 
you  get  the  best  work  done. 

But  you  see,  since  the  total  system  involves  so  many  elements  that 
industry  has  no  control  over,  the  Government  can  contribute  from  a 
management  standpoint.  It  all  has  to  be  done  in  an  organized  way. 
Industry  could  do  more  if  the  vehicle  development  were  the  only 
problem.  But  since  it  isn’t,  industry  can’t. 

Mr.  Gh)U)iWATEs.  Thank  you. 

Mr.  Hechler.  This  goes  back  to  what  Mr.  Anders  said  the  first  day, 
tliis  is  also  a  people  problem,  as  well  as  a  technical  problem. 

Mr^  KntcHmER.  It  cmtainly  is. 

Mr.  HscuiiER.  I  wonder  what  some  of  the  other  inhibiting  factors 
are. 

You  mentioned  the  great  argument  that  is  going  on.  Is  this  a  tech¬ 
nological  argument  entirely  ? 

Mr.  Kirchnxb.  Well,  ndt  entirely — certainly  not  entirely.  I  think 
the  main  inhibiting  factor  is  a  lack  of  the  national  objective  of  what 
we  want  to  do  in  this  cottoS^. 

Mr.  H^hler.  This  national  objective,  of  course,  relates  not  only  to 
the  decision  which  is  technical,  t^hnologioal  in  nature,  but  it  relates 
to  a  decision  concerning  the  whole  t^anspoitation  system  ? 

Mr.  itiRCHKER.  Exactly — exactly.  ' 

Mr.  HECEdkB.  The  sizeof  airpo^! 

Mr.  Kirobner.  Exactly. 

Mr.  Heckler.  The  community  acceptance  problems  which  you 
ihentioned! 

Mr.  Kirchker.  Exactly. 

You  see,  if  goals  and  oiojectives  were  established,  the  various  govern¬ 
ment  agencies  would  have  smnething  to  hang  l^ir  hat  on,  to  pro¬ 
ceed,  in  support  of  those  objectives.  In  doing  so,  they  might  provide 
the  environment  with  which  industry  could  thMi  come  in  and  iude- 
pradently  develop  and  suggest  to  the  airline  customers  a  vehicle  which 
will  be.  compatible  with  whatever  system,  total  ^stem,  was  being 
supported. 

Now,  in  the  event  the  various  total  system  elemMits  were  not  pro¬ 
duced  in  a  timely  fashion,  even  thmigh  tne  total  system  national  goals 
and  objectives  were  identified,  it  mi^t  require  some  Govemment-spcrn- 
sored  program  in  the  vehicle  development  ai<ea  to  Sati^  those  national 
objectives  such  as  has  been  done  in  the  SST  program-^but  for  different 
reasons  than  the  SST  program. 

The  SST  program  po^  a  financial  resource  problem.  In  the  V/ 
STOL  program  we  have  a  total  ^stem  devSiopraent  problem,  an  en¬ 
tirely  different  reason. 


Mr.  Hbohlbb.  I  might  say  I  concur  completely  with  what  you  say, 
and  I  think  a  simple  statement  of  the  national  poU^  would  eontribute 
materially  to  breaking  this  great  bottleneck  that  we  hare  on  V/ 
STOL’s. 

Just'to  oite'oi)eexam|>te,'there  are  many  sections  of  the  country  that 
is  puzzling  over  what  kinds  of  airports  to  devriorp. 

Mr.  KncHMiat.  Thai  is  right. 

Mr.  HECUtiSK.  Even  whm  they  come  tO‘  the  conclusion  they  are 
going  to  need  a  certain  size  airp^,  and  tlie  FAA  agrees  to  it,  some¬ 
body  is  sure  to  come  along  and  say  V/STOL  is  going  to  be  developed 
next  year,  so  you  might  just  as  well  forget  your  8,500- foot  runways. 

This  is  a  very,  very  difficult  thing  for  jieople  in  communities  where 
you  have  to  make  tliese  decisions  and  v<ke  m  bond  elections.  It  is  an 
extremely  difficult  decision  to  arrive  at  in  the  absence  of  such  a  national 
policy.  '  ! 

Mr.  Perkins.  Mr.  Chairman^  may  I  contribute  to  tliis  1 

We  had  considerable  discussion  yesteiday  on  this  verv  frustrating 
subject.  This  is  a  conclusion  that  I  came  to  persCnally.  1  dim’t  kn6w 
how  much  the  rest  of  thA  indiistry  might  subscribe  to,  but  I  thoiight  it 
might  be  helpful  to  read  this  bo  you.  - 

It  has  so  far  not  been  economically  feasiUe  to  introduce  STOL 
aircraft  or  V/STOL  aircraft  into  general  commercial  use,  because  to 
do  so  would  require  that  each  of  the  following  five  conditions  be  met. 
And  I  have  five  conditions  I  have  listed.  I  emphasize  the  word  “each." 

1.  If  it  is  a  STOL — and  a  siniihu  limitation  applies  to  V/STOL— 
it  must  be  large  enough  and  efficient  enough  to  be  economically  viable 
in  airline  use.  Otherwisethe  airlines  wonltbuT  it.  : 

2.  The  number  of  aircraft  of  a  given  mo^el~-I  emphasize  a  given 
model — which' a  manu^icturer  can  count  on  selHngj,  must  be  Enough 
to  make  the  program  feasible  from  the  manufacturer’s  viewpoint,  so 
that  he  can  break  even  at  least  on  his  development  and  startup  costa 
Ot  herwise  the  mami  facturer  won’t  btlilfc  it; 

3.  Air  traffic  controls  must  he  arailableto  make  it  feasible  tokipetate 

"these  aircraft  as  well  as  other  aircraft  in  many  oas^  on  the  some  bir- 
ways  and  the  same  airports.'  .  :  ^  '  i  .  i 

4.  Airpmrts  and  supporting  facilities,  with  adequate  environmental 
•conditions,  to  permit  efficient  operations  of.  these  type  aircraft  must 

.Iwprovided’.'is  .  . . .  /  •  - 

•5.  Fji^  oertiAcatiott' Mid’ 'operating' requirements  must  be  deter- 
nafeed  in'  adyanfie^>-an<b!  T  <  emphasize '  the  word  “advance”- — so  that 
^nufaetnverS'Mid  airMhiibperators  proceed  with  some  confidence 
m  deveflopiog  the'mretafk  and'ptt^ldihg  for  its  operation.  Currently 
the  reqaiferaenfti  for'BtWh-a'intichinoare  not  established.  As  far  as  I 
see  there  is  no  intention  to  establish  them  until  after  the  aircraft  is 
developed^  which' is  toblaiter 


Mr. Oam’t  yoh ’get  avewimore  specific  in  some  of  your' 
points,  by  iindioatilig  that  V/STOL  can  have  ite  primary  use  in  highly 
popnlated^ort-haul  sHuBitioAsf  .  '  >  i 

'  Mr.  'PE»K!iite.'That  'Wouldibe'the  general  best  application  I  should 
think,  I  1.  I-.  '  t  r-^  ' 

Mr.  H«(6Hneaj  Tli|it*'Wottid(lead' you  one 'Step  closer  to  a  aonclnsion. 
Mr.  Pawciusj  It  is  iiifficttU  to how  all  these  things  can  be  met; 
but  one  possible  solution,  and  I  emphasize  “possible,”  is : 
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First,  m  weS^pkoned,  weU>maiuM^  and  weJj-fitnded  n»tiontil  pro¬ 
gram  to  provi(to  tbe  necessary  traffic  ecmtroi  system  and  the  airport 
IscQiixeKThisiiughtweUbeafanotion'ofDOT.  ^ 

Second,  a  well-planned  and  funded  nadonal  proBram  for  the  devel¬ 
opment  of  one  or  more  such  aircraffa-r-and  I  nere  emphasize  ‘^one  or 
more,”  because  I  suspect  at  least  ime  V/STOL  and  one  STOL  would 

U:,..  _ j  _ _ • _ _ j _ .•.* _ _ I _ f. _ 


mmits.  Tld^  paTenthetiicaUy  migM  well  be  meet  kasibly  carried  out 
in  conjunction  with  DOD,  as  I  referred  to  inmy  statement. 

Third,  NASA,  support  of  tiie  above  effmto  from  a  technical  stand¬ 
point. 

Fourth,  the  FAA  determination  of  its  certification,  and  (grating 
reouirenientB  in  advance.  i  - 

Mr.  Hbqhlek.  Do  you  have  anything  further  to  add  ? 

Mr.  KntcHNER.  No,  I  do  not,  sir. 

Mr.  OoidDWATER.  Mr«  Chairman,  I  would  like  to  ask  one  question. 

Mr.  Hbghueb.  Mr.  Groktwater. 

Mr.  Goldwater.  I  .think  it  is  well  pointed  out  in  the  overall  plan 
and  design— fl  think  we  are  well  aware  of  the  need— that  this  need 
seems  to  beoMne  more  pointed,  and  is  becoming  more  pointed  every 
day.  Perhaps  there  is  need  for  an  overall  plan  so  that  industry  can 
be  minted  in  the  right  direction  and  they  can  tackle  this  problem. 

But  short  of  the  facts  there  doesn’t  seem  to  be  apparently  any  over¬ 
all  plan.'  Industry  is  eontinuing  to  meet  this  need— and  won’t  it  con¬ 
tinue  this  devetopment,  ev«i  though  there  is  no  Federal  program. 

I  think  the  industry  is  well  aware  of  where  the  need  is. 

Mr.  Knumin^  Industry. oan^  meet  the  need.  1  think  my  comparison 
between  what  is  going  on  in  Europe  and  what  is  going  cm  in  the 
Uni^  States  has  indicated  we  are  not  meeting  the  need.  We  can’t 
possibly  meet  the  need.  Mr.  Perkins  remarked  mat  we  can’t  develop 
a  vehicle  without  certain  conditions  existing — and  they  don’t  exist — 
or  else  the  program  would  experience  economic  failure. 

Now,  all  IS  not  lost.  The  Government  does  have  a  mechanism  that 
they  have  taken  the  trouble  to  establish  to  work  out  this  problem. 
This  is  the  joint  DOT-NASA  group,  and  I  mi^t  add  that  others 
are  participating  in  their  studies,  including  DOD  from  a  military 
standpoint,  and  industry  and  the  airlines  are  also  being  asked  to 
participate  as  required. 

We  urge  that  you  pay  attention  to  the  recommendations  of  this 
group.  We  don’t  necessarily  believe  you  have  to  follow  the  recom- 
mendationSj  but  we  think  the  Government  should  consider  them  and 
then  make  judgment  as  a  result  of  considering  them,  one  way  or  the 
other,  and  set  aside  some  goals  and  objectives  as  a  result  of  that. 

Now  the  group  has  a  timetable,  and  they  hope  to  have  some  prog¬ 
ress  in  1970. 

We  recommend  to  the  Government  that  they  use  the  groups  that 
have  been  established  for  this  purpose,  and  then  make  judgments  as 
a  result  of  the  work. 

We  hope  that  will  give  us  all  guidance,  and  I  think  maybe  this  will 
be  a  useral  mechanism  if  we  all  recognize  and  use  it.  If  it  is  ignored, 
the  group  will  not  have  been  useful. 

Mr.  Goldwater.  You  will  continue? 
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Mr.  KiBCHNlOL  We  will  oantinoe  to  have  a  compktel;  unsatisfac¬ 
tory  V/STOL  teohnekigical  situation  in  this  country^ 

Mr.  6ou>water.  There  is  a  commercial  advantage,  the  profit  m^ive. 
Hr.  KisaHKBB.  Only  in  the  proper  environment.  I  must  qualify  it 
that  The  propw  citvironraent  does  not  exist. 

Mr.XxMJitvAm.  Do  yds  think  it  ever  will  f 

Mr,  KncHHBB.  I  think  it  can  if  thwe  is  leadership  te  identify  goals 
for  us  all  to  lobk  to;  unified  ohiectives  to  which  the  various  agencies — 
NASA,  local  governments,  FaAl,  and  so  forth—all  can  look  to  as  a 

Slide  so  they  can  make  independent  decisimic  in  s  way  that  snpport 
at  objective.  Yes,  we  can  develop  the  environment. 

Mr.  PXKKiirs.  I  would  like  to  inject  the  death  rate  of  companies 
working  solely  on  V/STOL  and  STOL  has  been  unusually  high. 
Mr.  Hechlbm.  Is  there  an3rthing  further,  Mr.  Gk>ldwater? 

Mr.  GrOLDWATER.  I  dou’t  think  so. 

Mr.  Hechles.  I  would  like  also  to  recognize  the  presence  in  the  hear¬ 
ing  room  of  the  legislative  counsel  for  Aerospace  Industries,  Lloyd 
Kuhn,  who  has  been  very  helpful  to  the  committM. 

There  are  many  other  areas  that  this  committee  would  like  to  keep 
you  here  to  inquire  about,  but  obviously  the  time  doesn’t  allow  us  to  do 
so.  We  would  encourage  you  to  submit  any  other  material  for  the  rec¬ 
ord  on  the  subjects  that  we  have  raised  this  morning. 

The  committee  is  holding  these  hearings  for  the  purpo^  of  focusing 
attention  on  the  need  for  development  of  the  various  thii^  that  you 
have  recommended,  and  we  appreciate  very  much,  Mr.  Rrkins  and 
Mr.  Kirchner,  youhappearing  here  this  morning. 

As  there  is  no  furoier  bucdness  before  the  ccmunittee,  we  will  stand 
adjourned  until  Monday  at  10  a.m. 

(Whereupon,  at  12K)6  pan.,  the  committee  was  adjourned,  to  recon¬ 
vene  cm  Monday,  December  8, 1069,  at  10  a.m.) 
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XOmU-T,  DBCB3CBXB  8»  1069 

fi[otrSE  OF  HsmESENTAnVES, 

Committee  on  ScoeifCB  and  AsTRONAtmcs, 
Subcommittee  on  Advanced  Rbeearch  and  Technoloot, 

,  \  Washington,  D.C. 

The  subcommittee  mk,  pursuant  to  adjoununent,  at  10  a.m.,  in  room 
2325,  Bayburn  House  Office  Building,  Hon.  Ken  Hechler  (chair¬ 
man  of  the  subcommittee)  j^residing. 

Mr.  Hecmleb.  The  committee  wm  be  in  order. 

We  are  very  pleased  to  welcome  back  to  the  committee  Dr,  Thomas 
O.  Paine,  Administrator  of  the  National  Aeronautics  and  Space 
Administration, 

Dr.  Paine,  we  were  pleased  and  honored  last  year  that  you  could 
lead  off  our  hearings  on  aeronautical  research,  and  we  are  honored 
again  to  have  you  back  this  year. 

Do  you  have  a  prepared  opening  statement  that  you  would  care  to 
offer  the  committee  i 

Dr.  Paine.  Yes;  I  have  a  short  statement,  Mr.  Chairman,  and  then 
I  will  be  very  happy  to  answer  any  questions  which  you  may  have. 

STATEMBHT  OFDB.  THOMAS  0.  FAIHE,  ADMUTISTBATOB,  HATIOHAL 
AEEOHAXJnCS  AHB  SPACE  ABM1HI8TBATI0H 

Dn  Paine.  Mr.  Chairman  and  members  of  the  subcommittee : 

NASA  welcomes  these  important  hearings  on  Aeronautical  Re¬ 
search  and  Development  and  appreciates  the  opportunity  to  partici¬ 
pate  in  them. 

These  hearings  and  those  held  by  the  subcommittee  last  fall  have 
served  to  focus  national  attention  on  the  problems  facing  us  in  civil 
aviation.  They  have  also  provided  a  stimulus  to  efforts  in  planning 
and  implementing:  a  systematic  approaxffi  to  future  research  and  de¬ 
velopment  programs  in  aeronautics,  as  they  involve  NASA,  other  Gtov- 
emment  agencies,  and  industry. 

We  at  NASA  fully  appreciate  the  role  that  the  Committee  on  Sci¬ 
ence  and  Astronautics  has  consistently  played  in  emphasizing  the  need 
for  farsighted  programs  in  aeronautical  research  and  development. 
The  committee  ana  particularly  this  subcommittee  have  been  a  mov¬ 
ing  force  in  gaining  support  for  the  steady  increase  in  funding  within 
NASA  for  aeronautics  over  the  last  few  years. 

Last  fall  when  I  aproared  before  the  subcommittee  I  pointed  out 
that  because  of  major  cnanges  which  have  occurred  in  the  past  decade, 
there  is  a  pressing  need  to  define  the  direction  and  pace  in  this  Nation’s 
aeronautical  research  and  development  efforts.  Inherent  in  defining  our 
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national  goals  and  setting  priorities  is  the  question  of  determining 
the  proper  role  of  the  Federal  Government  in  fostering  advances  in 
civil  aviation  transportation  systems.  It  is  clear  that  future  advances 
in  aeronautics  must  complement  the  Nation’s  overall  transportation 
systems  within  constraints  imposed  by  urban  environments.  It  is  also 
clear  that  advanffS)  gpHp^^-bp^edj  ^y^qis  Mtying  civil  aviation, 
such  as  airport  facilities  and  air  traffic  control  syaems,  must  be  stressed 
^  as  to  keep  pace  with  advinoee-in-Mrcraft.  Also,  in  gauging  the 
importance  of  aeronautical  research  and  development,  we  must  be 
continually  mindful  df^thfe  si^iltii^t  OMltfibiitiiHis  of  U.S.  aerospace 
exports  to  our  balance-0f-tr9.de  position  and  the  growing  challenges 
to  this  country’s  leadership  ^sition  in  the  world’s  aerospace  markets. 

As  you  Imow,  sipce  your  hearings  last  year,  NASA  and  DOT  have 
undertaken  a  joint  study  on  civil  aviation  research  and  development 
policy,  and  we  are  now  actively  engag^  with  DOT  in  working  group 
scions.  This  study,  itnd  the  opportunities  it  presents  for  closer  coor¬ 
dination  between  NASA  and  DOT  at  the  worrang  level,  will  help  us  to 
establish  more  precisely  than  in  the  past,  goals  and  priorities  within 
the  Government  to  stimulate  the  development  of  advanced  aircraft 
transportation  systems. 

We  are  also  jointly  studying  with  FAA  and  the  Coast  Guard  the 
feasibility  and  requirements  for  satellite  systems  to  provide  navigation, 
communications  and  surveillan^  services  for  aircraft  and  ships.  Such 
satellite  systems  could  greatly  improve  our  capability  for  over-ocean 
air  traffic  control  and  aircraft  and  ship  telecommunications,  both  voice 
and  data,  to  shore  as  well  as  navigation  and  collision  avoidance. 

An  example  of  our  efforts  to  strengthen  our  close  working  relation¬ 
ship  with  the  DOD  in  aeronautical  research  and  development  is  the 
recent  agreement  with  the  Army  Materiel  Command  providing  for 
the  utilization  of  A.MC  personnel  of  test  chambers,  wind  tunnels  and 
othenfaeilitiekAtthe  Ames,  Langley,  and  LeWis’Researdi  Centers.  Un¬ 
der  this  neW  agcfeenPint  current  \eflorts  by  AMC  at  the  Ames  Research 
Center  will  be  expanded  and  joint  projects  at  the  Langley  and  Lewis 
Research  Cwiters  will  be  undertaken.  These  efforts  will  relate  pri¬ 
marily  to  the  Army’s  low-speed  aviation  research  program.  It  is 
presently  planned  that  approximately  176  Army  military  and  civilian 
personnel  will  be  assigned  to  the  three  NASA  sites  in  fiscal  year  1970. 

Accompanying  me  today  is  Mr.  Charles  W.  Harper,  Deputy  Asso¬ 
ciate  Administrator  (Aeronautics)  for  Advanced  Research  and  Tech¬ 
nology,  who  will  comment  on  the  testimony  presented  thus  far  in 
these  hearings  in  the  Context  of  NASA  views  of  the  challenge  we 
faoe  and  out  efforts  to  meet  these  challenges. 

Mr.  Chairman,  as  I  said  at  the  outset,  we  welcome  these  hearings. 
I  am  sure  they  will  provide  us  with  a  deeper  understanding  of  the 
complex  task  m  tailoring  NASA’s  research  and  development  actions 
in  aeronautics  to  this  Nation’s  needs  in  the  decade  ahead. 

Mr.  Chairman,  this  concludes  my  statement. 

Mr.  Hechi.br.  Thank  you.  Dr.  Paine. 

I  have  expressed  at  these  hearings  the  need  for  the  fonnulation  and 
definition  of  national  goals  and  priorities  and  a  national  aviation  pol¬ 
icy.  I  think  this  is  a  critical  need  at  the  present  time  Much  research  in 
aeronauti<»  I  fMnk  -has  been  hampered  and  dela3^  by  the  inability  to 
ascertain  what  the  goals  and  priorities  are. 
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You  have  indicated  in  your  testimony  the  fact  the  DOT-XASA 
group  is  working  in  this  general  direction. 

Dr.  Paine.  Yes. 

Mr.  Qec3bueb.  I  am  inclined  to  feel  that  we  won’t  make  any  progress 
and  we  won't  have  clear  leadership  in  tliis  field  until  national  aviation 
policy  is  expressed  at  the  highest  level,  namely,  the  presidential 
leveC 

I  wonder  if  you  would  cafe  to  make  any  comment  on  this? 

Dr.  Painb.  I  think  what  we  are  seeing  here,  Mr.  Chairman,  is  tlie 
fact  that  incfeaangly  the  R.  &  D.  in  aeronautics  that  is  carrietl  out 
must  reflect  a  broader  systems  understanding.  We  are  past  the  era 
where  the  XACA  engine  cowling,  for  example,  which  relates  to  a 
speci  tic  technological  subsystem,  is  enough  of  an  advancement  We  need 
much  more  clearly  to  understand  the  entire  transportation  system  of 
tile  Xation  and  the  degree  to  which  the  aeronautics  components  of  this 
fits  in.  Within  the  aeronautics  component  we  need  to  understand  much 
more  fully  the  way  in  which  the  airframe,  the  propulsion  system  and 
the  structure  and  the  other  parts  that  actually  fly  are  integrated  with 
the  gronnd  system,  with  the  air  traffic  control  systems,  and  indeed 
with  the  metropolitan  transport  systems  within  which  these  interact. 

So  it  is  very  important  that  as  we  consider  the  question  of  the 
future  R.  &  D.  in  aeronautics  which  the  National  Aeronautics  and 
Space  Administration  will  carry  out,  we  do  so  in  concert  with  the 
Department  of  Transportation  in  respect  to  the  civil  area,  just  as  we 
have  in  the  past  worked  out  some  very  excellent  relationships  with  the 
Depai'tment  of  Defense  in  respect  to  the  military  activity. 

The  real  significance  of  the  DOT-XASA  study  is  the  fact  that  it 
does  represent  the  first  and  a  major  effort  to  get  these  thin^  together. 

Now  we  also  of  course  are  working  to  help  the  National  Aeronautics 
and  Space  Council  to  take  a  broader  view  in  the  aeronautics  area.  I  be- 
lieie  in  the  testimony  of  William  Anders  before  the  subcommittee 
earlier  he  pointed  out  his  desire  to  do  this,  and  we  are  cooperating  in 
every  way  with  the  Council ;  which  I  think  is  another  way  of  achieving 
this  new  broader,  higher  level  interest  of  which  you  speak. 

Mr.  HxcHLra.  I  am  not  in  any  way  trying  to  nowiiggrade  the  DOT- 
NASA  studyi  I  think  it  has  done  the  very  helpful  things  you  pointed 
out.  All  I  am  saying  is  that  when  iiational  policy  comes  up  from  below, 
sometimes  it  doesn’t  state  as  clearly  and  sharply  the  types  of  goals  and 
priorities  which  are  badly  needed  in  order  to  make  progress  in  the 
field  of  aeronautics.  I  would  certainly  hope  that  this  ei^ression  could 
come  from  the  highest  level  and  not  necessarily  reflect  simply  the  low¬ 
est  common  denominator  agre^ient  at  the  lower  working  level. 

I  would  hope  also  that  it  deals  with  forecasting  planning  and  re- 
quiremeirts  in  terms  of  the  need  of  the  Nation  rather  than  merely 
tailoring  the  research  to  the  availability  of  particular  facilities  or  per¬ 
sonnel,  vehicles,  or  points  of  view.  I  would  like  to  get  your  reaction  to 
this  point  also. 

Dr.  P.4INE.  Yes;  I  think  this  is  absolutely  essential.  The  progress 
that  we  are  mailing  now  in  this  joint  study  is  very  much  along  these 
lines,  of  defining  necessary  needs  and  defining  the  opportunities  that 
we  have  in  the  context  of  the  total  transportation  system  as  well  as  in 
the  context  of  the  R.  &  D.  environment  and  the  opp<»tunities  we  see 
in  the  techndlogioal  side.  That  is  the  real  importance  of  this  study — 
the  fact  that  we  are  bringing  these  together^  i  . 
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Mr,  Hechler.  As  you  know,  I  expressed  great  disappointment  tliat 
the  space  task  group  did  not  deal  with  aeronautics  in  its  report. 

Di-.  Paine.  Yes. 

Mr.  Hbohubs.  Do  you  think  there  ou^t  to  be  an  aeronautics  task 
group  that  focuses  attention  on  the  need  for  aeronautical  research  and 
develo^ent? 

Dr.  Paine.  In  the  very  first  meeting  of  the  space  task  group  we 
raised  the  question  of  wHether  we  should  indeed  include  aeronautics, 
Mr.  Chairman,  and  it  was  the  decision  at  that  time  that,  because  of  the 
very  short  time  before  the  first  scheduled  attempt  to  land  on  the  moon 
and  the  ^t  that  the  administration  would  have  to  make  its  space 
decisions  <m  a  very  tight  timetable,  in  the  interest  of  time  it  would  be 
best  to  exclude  the  aeronautics  area  from  the  space  task  group  con¬ 
sideration  and  for  that  particular  group  to  concentrate  on  tlie  space 
program. 

The  fact  that  we  now  have  that  part  of  our  task  behind  us  raises 
the  question  perhaps  as  to  whether  or  not  a  similar  effort  in  aero¬ 
nautics  is  required.  It  is  not  clear  to  me  that  we  face  the  same  problem 
there,  particularly  I  think  \\-ith  the  coordination  we  have  between 
NASA  and  DOD  with  the  AACB,  between  NASA  and  DOT,  and  the 
other  relationships  we  have  been  able  to  establish,  for  example,  with 
respect  to  the  question  of  noise  pollution.  In  these  special  working 
groups,  which  include  the  Department  of  Housing  and  I^rban  Devel¬ 
opment,  I  think  we  have  more  satisfactory  mechanisms  in  the  aeronau¬ 
tics  area  than  we  had  in  the  space  area  at  the  time  we  set  up  the  space 
task  group.  But  this  is  certain^  something  that  we  ought  to  look  at. 

Mr.  Heckler.  You  may  recall  last  year  the  opening  question  I  asked 
at  the  hearings  was  what  the  Soviet  Union  was  doing  in  the  area  of 
aeronautics.  Do  you  have  any  further  report  this  year  ns  to  the  extent 
of  emphasis  that  the  Soviet  tJnion  is  placing  on  aeronautics  as  related 
■to  space? 

Dr.  Paine.  I  think  it  is  fair  to  say  that  the  past  12  months  have 
seen  the  United  States  demonstrate  to  the  entire  world  in  the  area  of 
space  a  very  advanced  capability.  And  at  the  .same  time  we  have  seen 
the  Soviets  continue  to  have  some  difficulties  with  their  program. 
Therefore,  I  think  that  in  the  space  area  it  is  clear  that  the  United 
States  has  certainly  regained  the  lead  that  the  Aimllo  program  was 
specifically  designed  to  regain. 

In  the  aeronaujbics  area  on  the  other  hand,  the  situation  is  by  no 
means  one  of  demonstrated  continuing  American  .superiority.  Here  we 
see  a  very  intensive  effort  on  the  part  of  the  Soviet  Union  to  develop 
and  fly  experimental  aircraft,  with  very  advanced  capabilities.  The 
Soviets  of  course  were  the  first  to  fly  a  supersonic  transport  prototype. 
The  Soviet  effort  in  the  military  area  to  bring  out  advanced  aircraft 
remains  very  high  and  competitive  with  our  own.  So  I  think  in  the 
aeronautics  area  we  see  a  very  vigbrous  thrust  forward  by  the  Soviet 
TT^nion,  in  a  program  that  I  would  say  is  fully  coini>etitive  with  that  of 
the  United  States,  with  the  possible  exception  of  the  civilian  aircraft 
area,  where  our  lead  is  very  substantial. 

"When  it  comes  to  the  military  area,  the  Soviets  are  certainly  chal¬ 
lenging  us  on  eve^  front. 

Mr.  HECSlLEit,  But  isil’t  the  investment  by  the  Soviet  I  mion  in  the 
future  even  greater  by  reason  of  the  training  of  more  ixmnger  aeronau¬ 
tical  experts  who  will  become  leaders  of  tlMf  future  ? 
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Dr.  Paine.  It  is  certainly-  true  that  the  Soviet  Union  is  building 
very  greatly  for  the  future  in  the  area  of  aeronautics.  I  think  that  our 
own  efforts  at  this  particular  time,  particularly  in  civilian  aviation,  do 
give  us  some  degree  of  confidence  in  the  future,  but  it  is  certainly  no 
time  for  us  to  slack  off  or  to  become  overconfident  in  any  way. 

Mr.  Heci^er  One  final  question,  before  I  yield '  to  othw  members 
of  the  committee.  How  would  you  assess  the  importance  of  aeronautics 
today  as  contrasted  with  October  of  1968,  when  you  appeared  before 
this  subcommittee  last  ?  Is  it  the  same  importance,  less  important  or 
more  important,  both  in  the  task  of  NASA  and  in  the  challenge  to  the 
Nation  f  ' 

Dr.  Paine.  It  certainly  is  no  less  a  challenge.  I  think  if  anything  we 
have  seen  in  the  last  year  the  aeronautics  ai-ea  become  an  even  more 
important  part  of  our  national  effort,  in  several  respects.  One  of  these 
is  with  respect  to  the  increasingly  important  part  it  is  playing  in  our 
entire  national  transportation  system.  It  continues  to  grow  at  a  prodi¬ 
gious  rate.  This  year  the  airports  of  New  York  City  alone  will  handle 
40  million  people.  The  rate  of  growth  seems  to  be  definitely  destined  to 
continue  into  the  future. 

The  other  area,  is  the  very  important  role  that  our  aerospace  indus¬ 
try  plays  in  our  whole  national  economy,  and  particularly  with  re¬ 
spect  to  our  balance  of  payments  overseas.  The  U.S.  balance  of  pay¬ 
ments  and  the  exports  that  we  have  in  the  aerospace  industry  have  now 
reached  the  point  where  some  240  percent  (1969  estimate)  of  our  total 
balance  of  payments  is  actually  covered  by  the  aerospace  industry-.  It 
is  one  of  the  areas  of  our  economy  where  due  to  the  tremendous  invest¬ 
ment  we  have  made  in  our  technology  and  in  our  B.  A  D.  in  the  past 
we  can  indeed  compete  very  effectively  in  world  markets.  I  think  if  it 
were  not  for  the  aero^iace  industry  and  the  computer  industry,  we 
would  certainly  be  in  a  very  different  position  in  world  trade  today. 

Mr.  Hechler.  Thank  you,  Dr.  Paine.  Mr.  Pelly. 

Mr.  Pellt.  Thank  you,  Mr.  Chairman.  I  take  it.  Dr.  Paine,  that  you 
don’t  a$(ree  with  the  economist  who  said  the  SST  would  adversely 
affect  our  balance  of  payments  because  it  would  encourage  so  many 
people  to  travel  abroad,  they  would  spend  so  much  money  that  actually 
It  would  result  detrimentally  on  our  balance  of  payments. 

Dr.  Paine.  I  thought  that  was  a  somewhat  far-reached  piece  of 
reasoning. 

Mr.  Pellt.  I  think  economists  are  generally  clear-thinking  people. 
I  don't  understand  it.  But  that  was  a  prize  as  far  as  I  was  concerned. 

Dr.  Paine.  Well,  h  is  known  as  the  dismal  science,  you  know,  Mr. 
Pelly. 

Mr.  PmLT.  Well,  I  don’t  know  what  we  would  do  if  we  didn’t  have 
econmnists  to  get  us  into  arguments  over  the  matter  of  spending  poli¬ 
cies  and  other  matters  that  are  vitally  connected  with  p^cy. 

Dr.  Paine,  you  referred  to  the  joint  study  of  NASA  and  DOT 
for  research  and  development.  Is  it  possible  that  the  conclusions  of 
this  study  will  be  reflected  in  the  upcoming  budget  of  the  President? 

Dr.  Paine.  The  1971  budget  is  now  umler  consideration  between 
NASA,  the  Bureau  of  the  Budget,  and  the  President.  It  will  not  be 
greatly  affected  by  the  study,  although  in  the  aeronautics  portion  of 
the  budget  we  will  be  looking  at  the  current  statue  of  the  study  for  any 
clues  we  get.  But  the  study  i$  more  likely  do  have  any  major  impact 
on  the  1972  budget. 
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■  Mr.  Pbllt.  One  witness  before  this  committee  said  that  a  satis¬ 
factory  level  of  research  and  development  would  be  an  Increase  of  40 
percent  or  something  like  $70  million.  I  don’t  suppose  you  can  project 
as  to  whetJier  we  wul  have  a  satisfactory  level  in  the  President's  new 
budget? 

Dr.  Painx.  Well,  I  ^  sure  the  level  will  be  satisfactory  but  exactly 
how  much  it  will  be  is  quite  anfkher  subject,  because  the  word  satis¬ 
factory — 

Mr.  PEWiT.  Like  “economist.” 

Dr.  Paine.  Exactly.  You  have  to  take  into  account  the  entire  fiscal 
program,  and  the  pressure  of  other  programs.  We  are  trying  to  do  our 
best  in  the  aeronautical  field^  to  which  we  have  attached  so  much  im¬ 
portance.  At  the  same  time  it  has  to  be  done  in  the  context  of  total 
demands. 

Mr.  PSiLT:  :I  would  say  it  is  one  part  of  the  budget  which  has  very 
strong  popular  support.  Some  people  don’t  see  any  advantage  to 
landing  men  on  the  moon^  but  they  certainly  do  as  far  as  research 
and  other  matters  affecting  their  safety  when  they  travel  by  air  as 
well  as  other  upcoming  problems  which  we  hope  will  be  overcome  in 
the  next  few  years. 

That  is  all^  Thank  yOUj  Mr.  Chairman. 

Mr.  Heoheer.  Mr.  Gkudwater. 

Mr.  GotnwATER.  First,  I  want  to  apologize  iar  being  late  and  not 
hearing  your  testimony.  I  am  sure  it  would  have  stimulated  more 
questions  frmn  me.  I  am  interested — being  from  California,  and  par¬ 
ticularly  since  my  district  includes  Burbank,  and  the  San  Fernando 
Valley,  which  has  a  great  deal  of  interest  in  aerospace  activities.  i 

I  was  wondering  Traot  is  being  done  from  your  level  to  encourage 
students  to  get  involved  in  areospace  businpss.  The  nrad  and  the 
demand  is  gomg  to  grow^  the  demand  for  more  trained  young  people 
coming  out  of  school.  I  aih  sufe  it  is  something  we  are  encouraging.  I 
am  just  wondering  what  is.  being  done,  if  an;^hing. 

Dr.  Paine.  We  do  have*  a  number  of  programs  between  NASA  and 
universities  working  directly  with'  tlie  aeronautical  engineering  de¬ 
partments  that!  think  give  students^  unusual  opportunities  to  use  the 
facilities  which  NASA  lias  in  combinatitm  with' tiieir  own  studies.  1 
think  peiiisps  sconewhat  of  a  model  of  this  has  been  the  relationship 
that  has  developed  between  Stanford  Univereity  and  our  Ames  Re¬ 
search  Center,  which  are  situated  only  a  few  miles  apart,  in  whicn  we 
have  an  aeraspa^  building  on  the  Stanford  campus  and  students  there 
working  in  very  productive  circumstances  who  are  also  free  to  interact 
withthepeopleat  Ames  and  the  facilities  at  Ames.  ’ 

One  particular  proj^  that  comes  to  mind  is  a  graduate  student  at 
Stanford,  who  happens  to  be  a  Peruvian,  who  has  had  some  very 
advanced  ideas  with  respect  to  rotors  in  the  wing,  to  change  tbe  air 
distributions.  These  are  things  that  can  be  checked  out  with  NASA 
people  in  the  wind  tunnels  at  Ames  in  a  very  positive  kind  of  a  rela- 
tion^pItMt^  '  .1 

But,  Mr.  Gnldwaterj  there  is  another  area  wMchl  am  not  very  happy 
aliout  that  I  must  also  mention  and  that  is  in  my  opinioh  we  have  not 
been  able  to  attract  e»o«^h  of  the  young  people  just  graduating  from 
college  into  our  NASA  Centers  because  of  the  severe  cutbacks  in  our 
manpower  that  we  have  had  over  the  last  4  years.  It  is  a  matter  of 
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some  concern  to  me  that  we  don’t  have  enoo^  yonnger  people  com^ 
to  NASA  itself.  As  we  look  tlmnu^  oar  cemers,  we  see  the  staff  being 
primarily  comppsed  o^  older  peo^e  and  (me  of  the  things  we  most  do 
IS  find  a  way  to  get  these  voung  people,  when  they  graduate  fixmi  col¬ 
lege  and  they  are  full  of  ideas,  who  (lon’t  know  they  can’t  do  things  for 
all  the  reasons  tht^  have  previously  bem  giveh,  and  who  go  ah^d  on 
the  problem  and  try  anyway. 

Mr.  Goldwatek.  Are  you  saying  the  demand  is  not  really  there, 
then? 

Dr.  PAXifE.  Wellj  th^  is  a  donand  in  the  aerospace  industry.  I  am 
concern^  more  with  our  ability  to  attract  them  into  our  Gtovemmmut 
laboratories  to  get  mbte  of  a  youthful  outlook  in  our  a^nautical  re¬ 
search  centers  mthba  NASA. 

Mr.  GomwATEit.  I  believe  there  was  some  testimony  here  before  this 
Subcommittee  to  ^e  effect  that  we  were  not  graduating  enough  aero¬ 
nautical  engfaieers  and  scientists. 

Dr.  Paine.  We  would  Kke  to  see  more  graduates,  too.  I  was  mraly 
saying  there  are  tWo  aspects  to  the  problem.  That  is  one  of  them.  The 
other  is  that  we  are  not  bringing  enough  of  those  who  graduate  into 
NASA. 

Mr,  Heciiies.  Win  the  gentleman  yield  on  that  point? 

Mr.'  GomwATEKi  Yes,  sir. 

Mr.  Hechler.  Is  part  of  the  fault  in  the  universities?  Someone  ob¬ 
served  to  me  the  other  day  that  the  most  recent  textbook  in  aeronautics 
went  all  the  why  back  to  the  196(ys.  I  wonder  if  there  is  enough  leader¬ 
ship  in  the  universities  to  generate  the  kind  of  interest  that  will  cause 
younger  people  to  go  iiito  the  area  of  aeronautics. 

Paine.  Mr.  ‘^airman,  you  are  g^ing  somewhat  out  of  my  own 
direct  personal  experience  area.  It  might  be  interesting  for  you  to 
bring  a  few  of  the  leadi^  aeronautical  ei^neering  peoine  in  to  com¬ 
ment  on  this  from  the  tmivOrsitaes. 

Mr.  Hecheeh.  Yes. 

Dr.  Paine.  But  we  do  see  some  very  vigorous  leade^ip  in  the 
universities  at  this  tiine  and  I  am  not  aware  we  have  a  m^'or^roblem. 

Mr.  Tmi'  think  H  is  a  mon(^  problasa  then  in  NASA? 

Dr.  Paine.  Money*  nmd  man^wer  ceiling,  eb  we  have  been  continu¬ 
ously  reducing'  the  nitmbsr  or  pe(^le  involved  in  the  Nation’s  sero- 
spaoe'tfforts  within  sNASA.  Obviously  it  is  very  difScult  to  bring  new 
people  in  while  ydU'ure  inoviitg  -lai^  numbers  of  people  out. 

Mr,  HbchlXr.  Mr.  Gtoldwater.  ’■ 

Mr.  Goldwater.  Yes,  I  would  like  to  ^k  one  more  question.  Dr. 
Paine.  I.  know  that  the- United  States  has  wofked  with  the  French 
and  the  Briti^  ini  tfae  ibiiildiiig  iof  the  Cpnixirde,  in  exchangii^  in- 
formatimi,  aind  of  Course  we  buy  some  of  their  engines.  What  is  the 
procedure?  How  dol  you  proceed  in  the  exchange  of  inhinhation  be¬ 
tween  other  nations,  say  ofher>  thim  ihe  Ivbrench'  and  the  British,  the 
exehai^of  our  tetiinology  in  rdatiimehip  to  theirs  and  viee  versa? 

I>.  Paxnb.  Thersiare  in  tcchnoli^ieal  matters  always  tv  o  areas. 
One  is  the  amaiof  btoad  interest  to  ^  people,  which  is  published  in 
the  Open  literathre,  and  the  second  is  that  area  that  is  propriettiry,  that 
has  economic  value  to  specific  axnpames  which  they  hold  very  (uosely, 
t^ir  own  tradoi  secrets  if  you  lika:  NASA  primaiUy  opera^  in  the 
former  area,  in  the  area  of  open,  free  exchange  of  mformation  that 
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ia  ^uixcid  for  all  people.  A.£Ood  example  is  the  effort  to  reduce  the 
noaaa.Qf  jet  eoginea^  whieh  ve  are.anxioa^  to  do  on  a  worldwide  scale 
80  that  all  the  aliicraft:  that  ,fly  in  Amencan  a^es,  whether  powered 
fagr  Pratt  aad  Whituey  or  JtSeueral  Electric  or  EoUs  Eoyce,  have  the 
b^efit  thif  land  of  ^ling..  Also,  when  it  cornea  to  matters  of  aii 
saf^,  when.it  ocmies  to  matters  of  the  handling  (haracteristics,  and 
the  way  in  which  crews  are  trained  to  fly,  we  in  NASA  are  able  to 
adapt  our  akmdators  so  pilots  who  will  he  flying  the  American  SST 
or  the  British-French  Cloncorde  can  become  familiar  with  the  cock¬ 
pit  leatorea  and  we  cap  work  out  smne  of  the  pr^lems  on  the  ground 
before  the.  crews  fly.  Th^  am  the  things  ire  publish  generally. 

Mr.  Gka4>WA'CD|u  Js  <thia  strictly  op  a  public^ion  basis  or  do  you  ac¬ 
tually  have  people  in  the  field  and  do  they  haTe;people  over  heref 

Dr.  Paiins.  iTe^  we  exchange  persopneh  We  have  technical  meeti^s. 
We  attmid  meetings  in  other  countries,  we  exchange  equipment.  We 
will,  for  example,  have  Canadian  aircraft  or  French  ideas  with  re- 
i^eet  to  helicopter  rotors  which  we  may  have  the  facilities  to  test  and 
wCiWill  teetithme  for  the  French  and  then.  both,  countries  get  the  ad¬ 
vantage  of  these  new  jideas,  which  in  the  next  gsm^raticm  after  the 
prototype  testing  in  laboratory  the  engineei-s  will  begin  to  look  at 
for  practical  applications  of  a  restrict  type  for  each  country. 

Mr.  Goldwater.  To  what  extent  say  would  tliis  apply  to  the  Soviet 
Unionr 

Dr.  Paikb.  With  .the  Soviet  Union  the  matter  is  somewhat  differ¬ 
ent.  The  ooMineSs  with  which  they  publish  their  technical  results  is 
QCHisidlirabiy  toore  restricted  than  our  own.  We  do  see  results  from  the 
Soviet  Union.  It  was  a  matter  of  some  interest  to  us  that  when  Astro¬ 
naut  Borman  visited  Bussia.  reofently  and  one  of  the  things  he  asked 
to  see  was  the  Soviet  SST,  h®  was  givm  a  very  complete  tour  through 
the  S^.  fie  was  allowed  to  sit  in  t&  cockpit  am  completely  briefed  on 
any  question  that  he  had.  They  were  quite  opm  about  this. 

Mr.  Goldwater.  Do  we  openly  exchange  information  with  the 
Soviets  or  is  it  just  a  geetuTe  ? 

Dr.  Fautb.  It  is.  jpaiore  a  case  of  the  technical  lit^ature  which  is 
publi^ted  in  the  Utthtod  States  which  is  open  for  them  to  buy,  and 
the  technical  litorature  that  ie  puUished  in  the  Soviet  Union,  wmch  is 
quite  mcteDsive,  mnoh  of  it  is  open  for  us  to  purchase.  At  international 
meetings  iu  which  various  subjects  are  discnieesd  there  may  be  Soviet 
authors,  presenting  papraS  as  well  as  American  authors. 

Mr.  Goldwater.  Would  you  say  it  is  sort  of  a  family  atmosphere 
in  thie  areaci  astronanticet 

Dr.  Pams.  I  whuld  say  in  general  it  is  a  cooperative  atmosphere. 

Mn  GKiuywaTBit.  Thank  you,  Dr.  Paine.  I  have  no  other  que^iona 

Mr.  HbcOIlbr.  Thave  ttro  othmr  queslifnis,  Dr.  Paine.  I  know  your 
sohedtdnis  vera  tight  and  the  committee  would  like  to  make  sure  that 
yon  airily  liraliL  hers  ifidtly  eariy.  But  1  would  like  to  put  into  the 
recom  sitabwof  tiiB  Air  Farce  expenditnres  on  zeseaiob,  development, 
test  and  evrinatibny^and  alsd  on  aircraft  and  related  equipment.  This 
table  Indicates  ;that  in  &eal  year  ld€5  the  Air  Force  totri  expen^ture 
on  R.DiT.  &  E;  ira8i$8!J.7fl  billion.  And  it- rose  in  fis^  1968  to  $3,443 
billnnL  Yet.the  expenditure  of  that  amount  on  aircraft  and  related 
eqpjonii^  declined  during  ttdo  period  from  $803  million  to  $539 
nmhon.^  i 
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Now  does  this,  type  of  thing  bftve  anv  impact  <ui  what  NASA  could 
or  should  do  in  aeronautical  research?  It  would  seem  to  me  that  the 
squeeaing  down  and  decline  of  the  eaaiphasis  of  the  Air  Force  on  its 
expenditures  on  research  and  aeronautics,  would  place  an  increasing 
chaUeoffS  on  NASA. 

Dr.  FAikx.  It  <loea  pose  an  increasing  chaUenge  <m  and  it  is 
particularly  because  the  B.  &  D.  which  NASA  is  carryii^ 

out  today  is  the  B.  A  Dk  on  which  the  aircrait  that  will  be  flying  in 
the  1980^  will  be  based.  So  we  have  to  look  at  the  Air  Force’s  short- 
range  change  in  budget  but  we  also  have  to  ask  oursdves  where  the 
Nation  will  be  in  thelate  1970’s  and  198Q’3.  It  is  also  true  that  when 
the  Air  Force  terminates  production  or  is  forced  to  ehange  a  program 
because  of  'B.hA  -1>.  unknowns  that  they  encounter,  such  thi^s  as  a 
problem;  wi^  tigid  rotors  in  helicopters  or  whatever,  that  this  puts  a 
particular  and  urgent  requirement  <m  NASA  to get  some  of  the  funda¬ 
mental  answers  that  are  requir^  This  has  been  particularly  true  in 
complex  areas  like  the  interaction  between  the  amtidynamics  of  air- 
frar^  and  engine  inlet  conditions  in  the  advanced  aircraft  which  the 
Air  Force  is  now  procuring.  So  that  the  changes  in  the  Air  Force 
program  and  the  way  in  which  their  program  progrejBsed  does  have  a 
major  feed  into  the  NASA  program  as  we  make  decisions  on  the  areas 
that  are  im^rtant  for  us,  but  we  must  always  keep  in  mind  the  fact 
thatit  is  &%<tagrrmgsimag  sisd  that  we  must  be  asking  ourselves 
about  ^«^pn»|msf^-as  tlm  eturteni  changes, 

(The  table  of  the  Aif  Foree  expenditures  on  research,  development, 
test  and  evaluation  referred  to  is  as  follows:) 
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Mr.  HsoHnEB.  The  final  question  I  would  like  to  ask  pertains  to  the 
Aeconauticalr  and  Space  Engineering  Board  of  the  Natumal  Academy 
of  Engineering  which  published  in  December  1998  the  results  of  their 
study  on  various  sub  je^  in  the  sviatitm  field.  Would  you  care  to  com¬ 
ment  since  that  study  <hi  what  value  these  studies  have  had  on  NASA 
and  what  actions  or  steps  if  any  have  been  taken  since  the  December 
1968  publication} 

Dr.  pAinn.  We  found  this  report  to  be  a  particularly  fine  piece  of 
work,  and  those  recommendations  are  being  takmi  very  much  into 
oonsidmation  as  we  put  together  our  plans  for  the  future  and  as  we 
construct  our.  1971  budget  in  the  area  ox  aeronautics. 

I  might  also  pay  a  ocmqplunent,  Mx.  Chairman,  to  the  testimony 
before  uieeaboQinBlittee  last  week  by^the  industry  representatiTes,  who 
also  1  think  have  examined  the  area  of  requirements  in  B.  &  D.  and 
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have  ooi&e  ap  irith  sone  very  ^hou^ful  saggestiobs  which  we  will 
take  into  aoomtnt. 

Mr.  Hecttun.  Thank  you,  Dr.  Paine.  I  ht^  a»  a  result  of  your 
testimony  and  the  hearings  of  this  eommittee  that  we  may  move 
forward  to  placing  grater  emphasis  on  aeronautics  ahd  the  e^blii^' 
ment  of  a -nationaf -aviation  p<mcy  that  will  provide  tile  kadeiship  in 
this  area.  We  appreciate  your  appearing  befmw  this  eabcommittee. 

Are  there  any  further  questions  by  members  of  the  subcommittee? 

(No  response.) 

Mr,  Hbcbusi.  If  not,  thank  you  very  much,  Dr.  Paine. 

Dr.  Pjjmn.  Thtmk  you^  Mr.  ^airman. 

Mr.  Hbcbbeab;  We'  are  pleased  to  welcome  back  to  the  snbcommiltee 
Mr.  Charles  W.  Harper,  Deputy  Asi^iate  Administrator  for  Aero¬ 
nautics^  the’ Office  of  Advanced  Besearch  and  Tedmblogy;  National 
Aeronautics  and  Space' Administration.  > 

Good  thorbing,  Bill. 

Mr.  Haiinat  Good  morning,  Mr^  Chairman. 

Mr.  HKdmLEB.  Do  you  have  a  statement  you  wonld  like  to  present 
to  the  suboommittee? 

Mr.  HAsriR.  Yesimr;  Ido. 

Mr.  Heohus.  You  nuy  proceed. 

STA^IEHT WcEASIffiS  W.  BAXIBE,  mniTT  ASSOCIATE  ABHDr- 

ISTAATOB  (ASBOKACnCS),  (»!iiOE  07  ABYAffiCEDi  BS8BABCH 
Airo  TECBHGLOGY 

Mr.  Harper.  Mr.  Chairman  and  members  of  the  subcommittee,  as 
Dr.  Paine  said^  we  in  NASA  appreciate  the  opportunitv  to  continue 
to  participate  in  these  hearings  on  aeronautics  R.  &  D.  hearings 
of  last  year  formed  a  very  important  input  to  NASA’s  planning.  We 
expect  me  same  to  be  tme  of  the  current  hearings. 

One  objective  of  NASA’s  appearance  today  is  to  relate  the  state¬ 
ment  and  discussions  of  previous  witnesses  to  NASA’s  activities  and 
plans  in  aeronautics  R.^&  D.  This  is  particularly  important  since  in 
most  instahOBS  NASA  is  not  a.customer  for  the  results  of  its  aero¬ 
nautical  reaearch  and  hence  if  that  research  does  not  relate  to  the 
user  requirements  NASA  is  not  fulfilling  its  responsibilities. 

Before  commenting  on  the  statements  of  previous  witnesses,  how¬ 
ever,  We 'would  1<1«5  to  presen*  NASA’s  idewof  the  National  aeronautics 
R.  A  D;'(^es(ioti  ih  oraer  that  our  bommmits  cab  be  put  i!n  the  proper 
context.  T1u8''queki0h  can  be  staited  eimply  as  ^'to  what  extent  should 
the  Gotrermaent.  suppbit  ueronantics  Ri'ft  D.  bo  assure  aviation  devel- 
Opnwift  along  lines  of  maximum  value  to’  the  Nation.”  The  extremes  of 
no  Gloveaiunent  paitici{]«tion' or  strong  Gbvetnment  direction  appear 
Mually  unsatisfactory.  Through  the  assigned  responmbilities  6f  the 
(^vil  'AertmauHos' B<lard  in  contr^ling  ait  routes,  and  the  Yederal 
Aviation  Administration  in  operating  the  airwi^  the  Government 
has -already  placed  a  value  on  air  transjportation  at  a  national  level. 
The  question  remains  as  to  hoW  this  direct  mvolvement  should  be 
exteoaed  in>tfae<diiectwn  of  resekbeh  and  development. 

It  iS'piaitinflnt  in  this  ootmection'to  racidi  tluit  NASA  was  foimed 
in  ordCrtoi^nsor  the  developmcBit  of  atiaiticu  for  national  benefit.  A 
principal  purpose  was  to  develop  and  operate  national  research  facili- 


ties,  a  sreatir  iny^stn^^t  than  the  small  industry  could 

supjw^,' which  would  provide  ■  the  floW  of  new  ttehnolo^  required. 
Looking  back,  it  is  fair  to  conclude  that  this  inveettnent  oy  the  Gov¬ 
ernment  was  a  Wise  one,'  perha^  dne  of  the  wisest  made.  It  laid  the 
foundation  for  the  military  nvistioii  mat  played  a  dominant  role  in 
World  War  II.  The  principles  which  led  to  tra  establishment  of  NACA 
were  reexamined  by  a  Pr^id^tul  cbttnWiissiim.  m  1947,  and  in  a  1948 
report  entitled.  ‘‘Survival  in  the  Air  Age,’’  those  principles  were  en¬ 
dorsed  and  then*  continuance  reomnmen&d.  The  support  that  was  con¬ 
tinued  by  the  Governirient  through  the  1950’s  allowed  the  development 
of  the  turbojet-powered  supersonic  military  aircraft  and  laid  the  foun¬ 
dation  for  the  tremendous  expansion  in  civil  air  transport  following 
introduction  of  the  jet' transports.  The  Gon^nunent  has  a  total  invest¬ 
ment  in  aeronautics  B.  &  D.  through  the  support  of  NACA  and  NASA 
of  about  $2.2  billion.  lASt  year  the  IJ.S.  civil  aviation  industry  alone 
represent^  almost  a  $10  Diljion  activity.  This  is  a  good  return  on 
investmiMit.  ' 

In  our  tcstimcmy  last  year  we  discussed  a  number  of  opportunities 
for  aeronatitics  B.  A  D.  to  provide  the  base  for  further  major  air 
transportation  developments. 

( a)  We  identified  improvements  in  the  subsonic  jet  transports  lead¬ 
ing  to  reduced  noito;  increased '  cmise  end  reduced 

landing  speeds;  enabling  lUse- of  ehiall^  airfiehlB.  In  the  past  year 
NASA  hes  demonstrateed  the  efiecti'venesS  of  engine  nacelle  treatment 
to  reduce  radiated  nois^,  has  begun  constraotion  of  a  research  engine 
to  enable  test  of  new  prip^I^s  of  noise  rednetion,  has  undertaken 
modification  of  a  swelling  aircraft 'to  demonstrate  improved 

cruise  efficiency  at  tiiigh«»  speeds,  ahd  hkd  many  discussions  with  in¬ 
dustry  r^rding  ted^logy  tor  reduced  approach  speeds. 

(b)  we  identified  potential  major  advUnoes  in  rotor  craft  through 
use  of  nonarticulated  rotors,  compound  rotor  craft,  and  tilt  rotor  air¬ 
craft  which  cotdd  provide  accep^le  sohitions  to  the  problem  of  quiet, 
efficki^  intraurban  tran^ortationi  >Ih  the  pa^  year  NASA  has  car¬ 
ried  Out  extentive  tilt  rotor  testa  In  cooperation  with  the  Army  and 
the  French  Goi^eratnent' research ’group;  nae  initiated  with  the  Army 
a  substantial^  jprqgraia  on  nonarti^a^  rotoiS)'  and'  b^^  more  de- 
tadedhtndy  dr  oompotiud  rotor  eilaft. 

(<t)  We  ditousleq'obreoneidsiOnrhat  the  STOL  transport  will  come 
to  fill  a  \tiry  important  transpdrtwtion^role:  In  the  past  year  the  FAA 
reached  thrsakne'cOAclution  and  has  thged  NASA'to  accelerate  its  onr 
going  resewtch  cU'prupellervand  j^^nven  STGL  aircraft,  as  well  as 
defimi^hddhtiiOHal’itesearohefibiCsfdr  NASA  to  aid  FAA  In  enabling 
eariy'iiit^uetiow'df  such  aircraft  in  estw^i  NASA  is  prooeeding 
with  modificaltioivbif  an  OV-^Ointo  8TOL  Ci^ifignration  to  study  pro- 
pell^STOL  <h’^ratidn'mld  is>on  tiie>ter|b’df"agretoaent  with  the  Ca¬ 
nadian  Government  ton  modification  of  a  C-^  aircraft  into  STOL  con- 
figurationtostudy  jet. STOLoperationv  '  '  . 

(d)  We  identmed  the  supersonic  tianqurt' as  the  successor  to  the 
subsonic  jets  foe  long-rai^  transport.  In  tllfO  past  year  we  have  in- 
eraased  ine  d^^thof  oar  dtiidiw  mi' promising  technology;  of  too  high 
risk  to  dhootporate’in’a'flrst'SS^dea^/aaw  as  advanced  avionics  to 
provide  aitorato’aiid  stnKtaral  stifiw  on  the  stalnliiy  of  inlet- 
eagintt  intaraeitioim  to  enatde  ittoic^'dM^'eScieat'lnlete,  imd  on  pro- 
piusion-sirframe  interaction  to  realize  minimum  drag  in  the  critical 
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tnuuosic  aooel^tion  portion  o|  jSi^t.  We  hiive  initiated  a  joint 
flight  rosearoh  pingrain  with  the  Air  Force  to  u»  the  two  YF^12  air¬ 
craft  as  natiflSMU  lesearcb  facilities  to  verify  wind.tunnel  iindi^s  and 
conduct  research  «nly  posMlfle  in  flight  such  as  interaction  ox  high¬ 
speed  aircraft  with  high  altitude  tuTbuience. 

In  the  past  year  tdiso  we  ha.y|B  accelerated  our  efforts  to  obtain  a 
proper  assessment  ef  teohnolQ^  values  against  the  total  air  trans¬ 
portation  picture,  nailitary  ana  civiL  We  have  agreed  with  DOD  to 
participate  in  their  systems  planning  at  an  early  date  to  provide  an 
impt^ant  input  to.oux  program  planning.  We  have  provide  required 
participation  in  the  DOT/^ASA  study  and  use  this  to  influence  civil 
aviatiap'  program  {danniim.  It  is  increasingly  clear  that  these  activities 
are  of  ipnme  uuportanoe.  The  impact  of  the  turbojet  engine  was  wholly 
undetnde^while  it  was  the  lightweight  engine  t^  enabled  the 
Wright  lurothera  to  fly,  it  waa  the  turbojet  that  converted  air  trans¬ 
port  from  an  adyentureito  a  normal  mode  of  travel.  No  foreca^  of  10 
years  ago  showed  the  growth  achieved,  or  predicted  the  noise  and 
congestKmprohlem^.or,  predicted  that  the  airport  woqld  begin  to  dis¬ 
place  the  harbor  or  raimoad  station  as  a  center  of  city  activity.  No 
forecast  showed  that  the  long-range  turbojet  transport  designs  would 
be  used  fm:  short  trips  of  100  or  200  miles  with  great  success  because 
of  efficiency  and  ground  trav^  congestion.  It  was  not  seen  that  air 
travel  htaweai  Washioagton,'New  York,  and  Boston  would  reach  more 
than  20^000  passengers  a>, day  when 'service  was  available.  The  re- 
emergenoe  .of  military  Aviation  ,  as  a  powerful  factor  in  the  face  of  a 
nuclear  stalemate  was  not  aoiieipAt^<  The  growth  of  aviation  to  a 

Kint  of  being  a  major  influence  on  the  Nation’s  economy  was  over- 
>ked.  These  now  ree^gnined  factors^  and  many  others,  lie  behind  the 
increased  attentwm  bei^  given  aviAtipn,  and  the  a^ons  being  taken 
tp,  circumvent  its  accumulated  probtoms  and  exploit  its  potential  for 
national  benefit.  . 

Examined  against,  this  overall  picture,  certain  new  factors  stand 
out  which  wiildiave  a  maiw  influence  on  national  aeronautics  B.  A  B. 
activities  in.  :the  fatuare.  Without  question,  the  major  factor  is  that  a 
new  aircEaft  ooneept>must  be  seen  as  only  one  part  of  a  total  system, 
FathM:  than  aoan  isolated  entity^  is  order  to  assess  its  value,  and  there¬ 
fore  the  value  of  associated  research.  For  example,  a  decade  ago  NASA 
could  Cmiduct  vehicta  research  and  FAlA  coiud  undertake  air  traffic 


Con^(d.  flevudopnimit  with  almmA  comply  independence ;  the  jet  trans* 

Ert  was  afccepted  into  asexiat^  system  with  very  little  distuibance. 

pa^  this  was  beeattse  the  jet  traasport  r^oeeented  just  another 
evolut^ary  st^  is  a  process  whith  had  been  proceeding  for  many 
yean  and  is  paoW  because  air  transport  still  bad  a  rainmr  in  trans- 
p<»tati<m  so  that  its  indirect  effects  were  small.  The  mtnatkm  today 
IS  quffis  different.  A  Y/&JXXL  transpoit-syjriiem  is  not  just  a  new  air- 
<uraft  but  also  includes  new  airports,  new  air  traffic  ooiArol,  and  so  on, 
and  their  satisfactory  interactions. 


,.:A  second  major  netqr  is  tha  change  in  relative  impoartanee  to  the 
ceimtvy  of  air  trfui^rtati<kl.  A  deca^  ago.air  transp^  was  a  useful 
adjmiot'to.ptk^  mbdssol.tnysl  and  one  eiemaat  of  the  national  de- 
fsnse  system^  F^m  A;niitiaBuLst«&<^pebt  then  was  value  in  main- 
taming  a  hetflthy  ii^ns^  thrP^Aaogee  miw  techBolo^  devekpiiient 
.by.thS!  Go^tonasht,biffi>t^  MflnirsiasBt  md  not  i^pear 
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critical.  TodaV  ab  trutfportation  has  becoqte  a  eritieal  part,  both  in 
a  civil  and  ndlmry  snunj.of  the  dally  bperation  of  the  Nation.  Popn- 
tation  fftovrth  ind  tirsvel  eoraestion  on  the  gronnd  point  to  sir  trans- 
portat^  a  n^jor  Available  option  for  ^  fnnire.  Thus  the  coun¬ 
try’s  sUke  in  oonttnood  healthy  gtoirth  is  mneh  higher  than  a  decade 
ago;  formation  Of  DOT  is  one  rect^nition  of  thin  Ilhder  these  cir- 
cumirtaBoes  tiie  role  and  extent  of  Government  partieipatim  in  avia¬ 
tion  gibWth  might  vvell  be  very  diftetent  from  that  which  guided 
NACA  activitiea 

A  third  factor  is  the  very  wide  rai^  of  aviation  systems  possibilities 
facing  both  the  civil  and  milita^  users.  Many  systems  are  technnsally 
feasible,  but  certaihly  there  are^not  sufficient  resonrees  to  develop 
all  nor  would  all  prove  to  be  of  prtnniry  value  if  developed.  A  decade 
the  options  we fewer,  ano  wim  relatively  modest  resources  the 
Government,  through  NACA,  could  pursue  technology  related  to  most 
of  those  options.  Today  a  process  must  be.  found  to  identify  the  prom¬ 
ising  concepts  very  early  so  that  such  resources  as  the  Government 
chooses  to  assign  can  be  allocated  properly. 

A  fourth  important  factor,  one  discussed  often  in  the  past,  should 
be  pointed  out  again.  In  the  period  of  evolutionary  development  of 
aircraft  it  was  acceptable  to  make  incremental  advances  in  design.  A 
new  propeller  or  engine  or  wing  could  be  fitted  to  an  existing  aircraft 
t3rpe  and  an  improvement  gained.  Thus,  in  general,  re^arch  needed 
only  to  show  that  an  element  of  the  vehicle  could  be  improved  and 
the  idea  could  be  adopted.  Today,  as  has  been  emphasized  repeatedly, 
the  interactions  of  various  elements  of  the  vehicles  are  so  great  that 
a  chanTO  in  one  invariably  leads  to  chan^  m  others.  Adoption  of  a 
new  technical  principle  thus  entails  a  much  higher  risk  until  its  favor¬ 
able  or  unfavorable  interaction  with  other  elements  is  known.  This 
problem  has  led  to  much  discussion  of  the  use  of  proof-of-concept 
or  experimental  hardware  process  whereby  the  simplest  possible  total 
system  involving  a  new  principle  would  be  constructed  to  identi^ 
the  effort  reqtdred  to  allow  ptartical  adaption  of  the  principle.  This, 
too,  is  a  problem  mudi  greater  in  magnitude  than  a  d^de  ago.  The 
Government,  through  NA.CA,  carried  out  only  a  slight  activity  along 
these  lines— the  mmtary  carried  the  major  share  and  civil  aviation 
profited  directly.  More  recently,  the  military  have  sharply  reduced  this 
activity  while  at  the  same  time.  a.  heed  has  grown  for  proof-of-concept 
activity  in  support  of  civil  air  transport  remiretoents  which  vmuld 
not  have  been  met  by  mflitary  developments.  Need  for  a  quieter  turbo- 
fan  engine  for  civil  transpo^  is  a.  good  example.  Tins  gtovring  g^ 
between  pure  research  and  initiation  6f  development  seriously  needs 
filling. 

I  would  like  now  to  to  NASA’s  view  oif  its  role  in  aeronautical 
K.  A  D.  as  best  it  chn  bS  estaMi^!^  ht  this  tiniS;  ahd  in  the  light 
of  the  .previous  botmhrittei  Thete  is  little  af^omferit’tnat  NASA  should 
carry  rOr  the  Government  a  primary  role  m  advanced  research;  this 
term  implies  ^udy  of  thbse  seiSht^  discipline  which  Underiie. ad¬ 
vances  in  aerohat(ticS.';The  Ubrk'is  pmSt  fUhawpehtal  ih  nature  and 
essentiitily  froe  frdm  copsideranon  Uf  the’tiigineering  p^lems  asao- 
ciatetd  w^  prai^cal  application  of  toe' fetearch  rest^.  To  the  older 
disci^iiies  <nf'amMyh^ms,  materials  aUd'StrUctnrhS,  ahd  ptopnlsion 
wHito  NASA  bUwcehttated  on,'we  hn%b  added  fundamental  studies 
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^4  tfce  lefQiJrcaa  to,  $35  ottUipn.  Wuue  this 

is  enooit^agjitu  pfogtaa^  sa&sSald  yet  the  ieyel  achieved, 

the  psopp^.  far  sqphiaticated  machines 

thim  those  ot^y#pta,^^de^agth  ^rrei^nd>p»^  to. make,  progress, 
a  much  more  thorough  understanding  is  required  ot  the  baaiq  physical 
pnaaples  iavolved,  ^  pe^ictdaJ^nrwit^i^iaiised  a  few  moments  ago 
py  Hr^  Gojidwater— rip  this  regard , has  the  scarcity  of  new  college 

graduates  trained  in  aeronauttissireJated  sciences  and  the  severe  limita- 
tion^  as  iDv.  J^aioe  pointed. otit^.pn  ^fASA’s  ability  to  hire  from  those 
availahle.  AeronaH^a]‘^V^n<^  D,  has  a  great  need  for  an  in¬ 
fusion  od  young  scientists  train^iin  the  most/modern  stdentific  tecli- 
nicmes.  .  .  ; 

The  role  and  scqpe  of  NASA’s  activity  vis-a-vis  other  agencies  in 
applied  research  or  technology  is  not  clearly  delineated.  Hovv-ever,  our 
concern  over  the  national  need  to  accelerate  the  pace  of  aviation  devel¬ 
opment  has  led  us  to  develop  and,  propose  re^rch  programs  directed 
at  the  applic^on  of  the  advanc^  research  findings.  In  developing 
the^  programs  we  have  attempted  to  identify  and  focus  attention  on 
the  most  pressing  militant  and  civil  problems/ln  arriving  at  this  iden¬ 
tification  we  have  u^  the  advice  and  recommendations  of  the  IWD, 
DOT,,  and  industry,  both  through  our  reparch  advisory  committps 
and  through  informal  discussion  of  specific  problems  in  depth  with 


earlier. 


all.  interested  parties.  Some  of  these  at^ivities  were  discus.sed  earlier. 

Th«  examples  of  NASA  work  in  applied  technology  discussed 
earlier  are  a  logical  extension  of  NACA/NASA’s  aeronautics  R.  &  D. 
progmn  which  has  historically  concentrated  on  tlie  aeronautical  ve¬ 
hicled.  However,  as  a.  consequence  of,  the  interaction  of  the  vehicle 
with. the  remainder  of  the  asytem  that  was  mentioned  earlier,  new 
demanhi  on  NASA’a.d^  &  D.  progrtim  are  developing.  Completion 
C^the  AJexapd^  Coroniittee  report  on  airtraffic  control  led  to  a  request 
of  NASA  hy  WT  for  research  on  tlm  det^^on,  control  or  dissipat  ion 
difrwing-ti«ling  yortioes,.fQr  exa^tnple.  The  stxen^h  of  these -vortices 
frwn.newjdlar^aincraffi^g^tjhoogh  to  upset  aircraft,  following  too 
djosely  and  thus  jpnts,  a  Ipwqr!  ^  spacing  and  airport 

acf^tance  rate,  ’nw.i'AA  NASA  to  undertake  .studie.s  of 

air!noW..iUtpund  SXuD,  ports. .to -determine  how  these  must 

shtro^.to  provide  Simppth  airoqw  to  allow  safe  city-center  opera- 
tiphs.  The.  FAA  hee  k^edi  NASA  to  .proride  the  support  nece.ssary 
for  FAA  personnel  to  study  on  NASA  simulators  the  operation  of  the 
pew  large  jets,  the  European,  ^twr^opic  trans^rts  and  the  TT.S. 
fapersonic  transpoijt.  The  FAA,t^  asked  NASA  to  coopemte  in 
di^opstndiqn  experiinents  ..wrlpich  are  d^igped .  to  provide  the  in- 
forniimon  necessaiy  tp.establi^  fhe  role  of  satellites  in  aircraft  com- 
m^catkms  and/or  nayigatiop  and/orsdryeiflanoe.  . 

^  ThaT^pivtiii^i,  of  pelsi^  ,al«)  has,  begup  to  use  NASA  resources 
m  a  way,  Histon/i;a|)y,;NA^  research  has  provided  part  of 

the  technioal  enablmg  unthrtake  new  .^sterns  develop- 
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jpeuA  Dumg,  the ,  deyelopmept  of,  thqs®  ^stmns ;  NASA  servM 
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of  the  techxiolc^i.  Moiw  recently  the  l^D  haa  brought  iNA^A 
into  its  aeronautical  system  procurement  planning  at  , a  n^oeh  earlier 
stage.  NASA ^  has,  haw  eshM  by  ,JXXD  to  examine,  peopled  new 
system  requir^ents  at  a  ve^  early  stage  of  definition.., Whei!a  uaa 
of  new  or  untnieiitephiiology  is  needM  to  meet  the  requiremwts,  DOD 
^  asked  NASA  to  deir^op  new  raaearoh  programs  or  redirect  exist¬ 
ing  ones. to  estaUi^.wnfideRee  in  use  of  the  new.  teebnol<^.  Nat¬ 
urally,  this  draws  NASA  iiMo  research  areas  in  greater  depth  than 
would  be  the  oonsequenee  of  its  own  research  directed  primarily  at 
estaUishing  new  pnnciples.  NASA  oonmders  these  respimses  to  the 
DOD  to  beof  the  oig^ie^ priority  in  its  aeronautics  B.  A  D.  activities 
and  res|X)nds  to  the  mazunmn  extwt  possible, 
i  Ihese  comments!  are  (^ered  to  illustrate  an  exp^ding  scope  of 
NASA  aeiropautica  B«  A  D.  aotivities  and  resronsibijlaties  w'hose  limits 
are  not  yet  clearly  defined.  Clear  definition  ^ould  be  realized  on  the 
civil  side  with  coi^etion  of  the  NASA/DOT  study  of  B.  A  D.  policy. 
The  Aeronantica  iHuiel  of  the  Aeronautics  and  Astronautics  Gomrdi- 
nating  Board  conducts  continuing  studies  of  the  NASA  and  services 
B.  &  D.  programs  and  reernmnends  action  to  realize  maximiiTn  benefit 
fimn  joint  use  of  the  resources  available. 

The  comimttce  hitaexpressed  an  interest  in  the  impact  that  a  space 
shuttle  devdopment.  would  have  on  the  NASA  aeronautics  B.  &  D. 
program.  First,  there  is  little  doubt  toat  meeting  the  technical  chal¬ 
lenge  posed  by~tKe^^|^l,^.^uttle  will  provide  major  new  technical 
capabilities  in  many  areas.  Because  tlie  shuttle  will  be  in  part  an 
atmospheric  flight  vehicle,  it  is  reasonable  to  assume  that  some  of  these 
new  technical  capabilities  will  relate  directly  to  aeronautical  prob¬ 
lems.  If  all  the  proposed  shuttle  operating  requirements  are  to  be 
met,  a  significimt  amount  of  aeronautics  technology  wc  ild  be  in¬ 
volved. 
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^  In  thef^ure  coipisiderpible  ute  will  be  made  of  personnel  and  facili¬ 
ties  now  directing  their  attention  to  various  aeronautics  problems.  At 
the  moment,  however,  the  critical  technology  lies  in  determining 
shapes  and  structures,  for  the  shuttle  which  will  meet  launch  and 
atm<^here  entry  requirements.  Study  of  these  problems  has  been 
carried  in.  the  past  by  perseimel  conewned.  with  space  vehicle  tech- 
noloCT.  There  is  no  reason  to  expect  an  early  change  in  this.  For  most 
of  the  dmttle  concepts  psopo^.  to  date,  a  substantial  amount  of 
information  on  atmospheric;  flight  characteristics  exists  already:  this 
wotfid  be  a  prinmzy  responmbiufy  of  the  aeronautics  program.  Thus, 
imtil  a  clear  pdeture  of  the,  space  riinttle  design  emwges  from  study 
of  launch,  ana  entry  proUems,  ths  impact  of  a  space  settle  develop¬ 
ment  on  the  attom^KSiprogram  would  be  anticipated  to  be  small. 

Mr.  Chairman,  in  these  comments  I  have  attempted  to  describe  the 
aeronautics  B.  &  D,  problem  as  seen  by  NASA  and  typical  actions 
we  are  takidirtoi  aerist  in  finding  soluluonsi  The  final  answer  is  not 
clear  yet  tot  1  consider  the  problem  is  becoming  well  identified  and 
that  poshdye  rteps  toward  solution  are  being  taken. 

M^.  Chairman,  that  completes  the  statement  I  had  prepared  prior  to 
hearing  previous  witnesses. 

-'-.I  havU'Shaab  faarther  oomments  based  on -what  I  have  heard  from  the 
witnesses,  if -yoirwouid  dike  to  heair  them  now. 

Mr.  Hechixs.  Yes. 
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Mr.  HAxnib.  Or  peiliapB  th«  committee  would  rather  develop  thoee 
through  qnestioni^ 

Mr.  HECCitifeR.'  lifo,  I  think  pethape  you  should  develop  thoee  now, 
Mr.  Harper.  .  ' 

Mr.  HABPeR.  Colonel -Anders  emiduksizad  the  planned  role  of  the 
Aeronwi^  and  Soaee  Copncil  in  leading  the  develbpmfint  of  a  na- 
tional  Ond  megrua  to  aviat^  proip^  m  this  country. 

NASA  endorses  rais  objective  to  the  fullest  poe^le  cactent.  As  othw 
witnesses  and  I  have  emphanzed,  the  vanou^aspectsof  aviati<m  devel- 
<^ment  cannot  trMtM  indefwhd^Ddy.  tectoiieah  operatirniai, 
e«;onomic,  ahd  sMial  implications  must  m  treated  simultaneously.  This 
problem  was  not  appreciated  fully  when,  in  the  pest,  various  respon¬ 
sibilities  \eore>  assigned  to  the  several  Inrenches  of^toe  Govmnment.  It 
is  difficult  for  any  one  group,  fully  involved  with  Its  own  problems,  to 
provide  the  objectivity  and  oyerell  view  to  integrate  all  related  efforts. 
The  NASA/piOT  stui^  Is  attempting  to  eirOmnvent  this  difficulty  by 
relieving  assigned  personnel  of  nomial  duties,  (^mpletkm  of  this 
stiidy  wll  provide  a  process  which  cah  help  the  Government  to  deter¬ 
mine,  in  a  definitive  manner,  the  consMuences  of  any  aeronautics 
R.  &  D.  policy  it  chooses  to  implement.  Tne  choice  of  policy  rMuires 
coordinatito  bf  factors  beyond  the  purview  of  NASA  and  T)OT.  The 
Aeronautics  and  Space  Council  is  in  a  position  to  ctmsider  all  of  these 
factors  and  make  policy  recommendations.  NASA  anticipates  con¬ 
tinuing  close  association  with  the  Council  with  this  objective  in  view. 

Mr.  Beggs  made  two  points  during  hie  appearance  that  bear  impor¬ 
tantly  on  NAS  A/DOT  activities. 

Mr,  HectaJER.  Before  you  oontinne  with  Mr.  Beggs. 

Mr.  Harfbh.  Yes? 

Mr.  HEcm.ER.  On  your  point  about  the  National  Aeronautics  and 
Spiwe  Council,  it  would  seem  to  me  that  this  type  of  enunciation  of 
national  policy  would  have  to  come  from  the  Presidential  level. 

Mr.  Harper.  Yes^  sir. 

Mr.  Hrchlur.  In  a  sense  you  are  almost  asking  the  Council  to  get 
involved  in  day-to-day  policymaking  activitiw.  Did  I  misinterpret 
what  yon  said? 

Mr.  Harfrr;  Somewhat,  Mr.  Hechler.  Not  day  to  day.  I  believe  that 
the  study  should  clarify  the  imidicaitions  of  any  national  policy.  One 
could  examine  a  policy  in  which  the  Governm^  would  talre  a  very 
strong  role  in  the  direction  and  suppbit  of  air  transportation.  The 
(Study  will  then  ^k>w  yon  the  hnj)Kcationsof  this  to  all  of  the  varimis 
agencies  iuA'olved.'Or  yon  could  reverse  this  process  and  propose  an 
involvement  of  each -of  the  agencies,  the  Civil  Aeronautics  Board, 
HITD,  HEW,  DOT,  and  so  on,  that  have  some  part  of  this  problem, 
and  use  the  process  developed  by  ths'^dy  to  determine  what  the 
policy  should  be. 

I  would  look  at  the  Council  as  thegroap  that- would’ take  the  lead  in 
examining  thes^  two  interactions,  and  make  a  very  positive  recoih- 
mendation  to  the  Pnsdent  as  to  what  policy  or  policies  he  should  con¬ 
sider,  but  not  g  day-to-day  formulatibn.  '  - 

Mr.  Hechuer,  You  may  continue.  ' 

Mr.  HirainL  To  iejpeat,  Mr.  Beggs  made  two^ints  during  his  ap- 
liearance  that  bear  importantly  on  NASA/DOT  activities. 


117 

He  noted  thit.  Mnons  eonsid«Estioa  is  being  girea  a  joint  DOT/ 
NASA  B.  ACt'aethdt^  pattenied  along  the. lieea  of  the  Ana;p-NASA 
joinfe  program  destnibu  earUer  by'I>r.^adne.  The  advantages  of  each 
a  step  eppaav  to be  manp.  A'mnnlMr  of  NASA  fecUitiee  are  equally 
anitalila  for  serviiiig  NASA  or  DOT  needs;  for  example,  the  NASA 
siiniilator  oapahil^i  the  obje^ves  toward  which  the  two  agencies 
wonld’  nee  me  oapehuitp  are  ditferent.  It  melees  a  good  deal  of  sense 
for  the  two  a^^cies  to  share  the  facility  operation^  requirements  in 
order  that  earn  reaearch  group  can  coadnet  research  to  meet  its  spe¬ 
cific  needs.  An  arrangmnent  of  this  nature  is  now  tindM'  specific  ex- 
aminsdion.  Mr.  Be^^  also  pointed  out  the  cleee  interrdation  between 
NASA reeearchanaJDOT’a defined transpentation responsibilities.  He 
identified  the  different  problem  of  leaving  a  research  program  rela¬ 
tively  free  from  cmifteaints  and  yet  making  k  responmve  to  DOT  re¬ 
quirements;  he  described  the  efforts  being  made  to  bring  together  the 
plaluul^['  amvities  of  both  agencies  to  ohteiin  the  best  balance  in  the 
pn^ram.  NASA  has  found  mis  joint  planning  to  be  extremely  use- 
^  and  considers  it  should  be  continued  not  (Buy  to  include  program 
planning  but  also  impIemeDtation. 

The  (UsenssirHis  with  the  representatives  of  Aerospace  Industries 
Association,  Mr.  Perkina,  and  Mr.  ^^rsdmnr  raised  three  points  of 
major  coneem  to  NASA.^  Beth  representatives  addressed  themselves 
to  the  question  of  increasing  the  more  advanced  research  program  of 
NASA  to  provide  data  base  frwn  which  development  can  begin.  As  I 
stated  in  my  testimemy,  NASA  has  made  a  irery  effective  step  in  this 
direction.  Nevertheless,  the  scope  of  advanced  research  has  broadened 
sufficiently  in  recent  jnsars  so  that,  as  yet,  NASA’s  effort  is  thin  in 
many  areas,  as  noted  by  Mr.  Beggs.  These  speakers  noted  also  the  need 
for  NASA  to  'become  more  involved  in  operational-related  research  as 
emtrasted  to  vehicle-relsted  research.  A  good  start  has  be«i  made  in 
this  diroction  bnt  many  aspects  of  this  trohnologip  are  new  to  NASA 
and  it  involves  retetions  with  new  agmeies  requiring  new  understand¬ 
ings  of  relative  roles  and  capidiilities. 

Finally,  both  speakers  touched  on  the  “proof-of-concept”  or  ex- 
perimentiu  hardware  dilemma  and  noted  the  absence  of  military 
activity  to  lead  civilian  development.  This  problem  has  been  the 
anbject  of  ranch  debate  over  recent  years  and  the  answer  is  not  yet 
clear.  For  the  present,  NASA  has  adopted  the  attitude  that  such 
efforts  should  be  oooperaitive  ones  b^ween  the  users  (another  agency 
or  the  services  or  industry) ,  the  niana:foctarer8,  and  NASA.  A  few  ac¬ 
tivities  have  deteiloped  aioi^  these  lines  although  no  generalized  for¬ 
mula  for  sharii^  coets  and  effort  hare  been  establish^  yet.  It  is  our 
general  conchision  that  such  division  is  necessary  if  satisfactory  de- 
vdopment  'is  to  continue,  while  at  the  same  time  maintaining  ccmipeti- 
tive  free  enterprise,  frM  from  complete  Government  direction.  An 
a8{)^  receiving  spmial  attention  is  that  of  continuing  to  develop 
major  new  facilities  too  costly  for  industry  alone  to  support  and 
neeokl  by  both  industry  and  Government. 

Mr.  Chainnan',  this  concludes  the  additional  comments  that  I  had. 
Mr.  Ukemix.  Mr.  Pdljr. 

Mr.  Pkat.  Mn  Harper,  it  is  always  a  pleasure  to  hkve  you  before 
this  committee. 

Mr.  Habfer.  Thank  you. 


118 


Mr.  Pbujt.  You  ara  one  oi  my  larorite  witneeaee,  I  mighk  aay. 

I  think  it  has  beem  said  before,  ia  cUifnent  words  belmre.  this  sub* 
comniittee^  that  10  yeihs  <a^  theie  waa  no  f oreeast  that  diowedi  the 
growth  or  projected  hoiee  and  oehgi^idn.  problems^'  to  loeite  your 
own  words,  or  a  prediction  that  the  dirposta  trouid  be^  to  displace 
the  harbor  and  railroad  station.  Was  there  any  resesr^  fmmg!on  10 
years  ago  in  the  way  of- population  increases  and  projeotm  {Mroblems, 
that  you  know  of? 

Mr.  Habhek.  There  oeitadnly  was,  Mr.  Pelly.  ’^lSiere  are  many  re¬ 
ports  of  a- decade  ago.  >1  ; 

Mr.  PnLbier.1  They  missed  the  boat,  did  they  ^ 

Mr.  HaivblTo  my  knowledge  all  of  tmiU-underestimated  the  im- 
paet  that  ^transportation  womd  have.  There  is  nofie.that  I  know  of 
that  predicts  or  predicted,  satisfactorily  the  simple  growth  of  daily 
air  traveL 

Mr.  Pbllt.' Wei],  I  assume  that  some  agency  of  the  Government  is 
at  fault.  I  can  barmy  blame'  it  on  N'AS.^  bsMuse  ydU'Were  only  or¬ 
ganized  about  10  years  ago. 

Mr.  Hakfer.  That  is  correct.  And  NACA  did  not  have  this  as  a 
primary  abjective,  akhough  some  of  this  was  done  in  an  effort  to  gnide 
oar  own '  research.  I  think  it  is/pcobaldy  not  quite  fah^  to  say  some 
agency  was  at  fault,  since  recognition  OT:this  finally  came  with  fit 
formation  of  the  Departmen  t  of  Transportation. 

Mr.  PWitT.  Well,  I  was  going  to  say  that  we  didn’t  have  a  Depart- 
m«it  of  Traosportution.' 

MvjHAnPMtt.  Yes.  ■  ' 

Mr.  Pfxlt.  It  i^i/tliear/prime  I'esponsibility  now,  isn’t  it,  to  identify 
the  prdblems  of  tl>e  futui''  i  and  then  caU  on  you  for  hrfp  in  research  in 
overcoming  them  ?■  ^ 

Mr.  Harper.  That  is  correct.  They  have  the  prime  k^sponsibilitv  of 
defiuiiig  the  requirements  that  air  transportation  has  to  meet.  These 
are  thenigiven  to  NASA,' who  picks  up  ^e  responsibility  of  develop'^ 
ing  the  technology  tliat  will  meet  thewi  rBqufirmneuts,  or  mabie  the 
requireniM^tsto  V^'mett'  '  .  '  •  .  '  ' 

Mn  Peiii<t.  '  Welh  the  purpose  of  the  study  that  you  are  heading  is 
to  diseoVer  wliait:  the >piiroblerns  are  going  to  w  arid  the'  research  that  is 
going  to-be  necessary— docs  that  sum.  up  exactly  the  joint  study  of 
DOT  andiNASA'?  /.- /  >  ,  ^ 

Mxi  Hahprr.  Well,  that  is' perhaps  a  slightly  narvow  definition  of  ity 
Mr.  Pelly .  .Oite^  of  the.  points- that  has  been  dear,  **  the  work  toward 
developing  this.-  study  hm  ;«>ntinnedv  is  the  mtoy  hthm  grouM  that 
sliould  be  mvdlT^  in  consideration  of  policy  beyond  jurt  DOT  and 
NASA..  Certainly  HUD,  owtainly  HiBvV,  certainly .  Ihti  Civil  Aero¬ 
nautics  .Board.  They  all  have  had  U  veryiiiUportant  impacton  the  way 
adr  transpeiUatkn  ^velopedv  There  has  hdeu  no  procew  developed  in 
the  paht .  by  .which  the 'influence  of^these  vhrious  gjou^  could  ^be 
brought  toother  and  integrated  td  artive  at>definiilk  «  path  to  fol-> 
low.  This  is  a  very  primary  objective  wfithisstadyv to '^bw  or  tbde^e 
all  of  [the  vadkma  grou^-'that  {should  buihvolv^' to  define  their 'ihi- 
pact,  in  a  way  that  one  striving  to  reach  a’ p<dicy’6att  be  suite  helhas 
mchidSed  all  of  the  factoiU  involved. and  not  onorlUoktd  sotBe,!as 
done  a  decade  or  more  ago.  !  .  • 
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Mr.  rP*ixY.  To  whom  does  the  joint  study  report?  To  the  President 
or  to  the— 

Mr.  HakpeRj  No,  the  joint  study  reports  in  the  end  to  Dr.  Peine  and 
Secretary  Volpe.  They  of  course  are  hot  intimately  ihvolved  in  it  at 
this  point.  The  Assistant  Socretaty  for  Beaearch  and  Technology  in 
tlie  Apartment  of  Transpottatioh  and.  myself  head  the  day-to-day 
center  of  focu&  ' 

Mr.  Pelly.  Then  it  is  probably  not  going  to  have  too  much  influence 
on  the  direction  of  the  1971  budget  of  tlie  President? 

Mr.  Harper.  Well  not  as  a  consemienoe  of  the  study,  but  in  prepara¬ 
tion  for  the  development  of  the  study,  in  defining  the  process  by  which 
such  policies  will  oe  reached,  we  found  jt  immediately  necessary  tO' 
examine  the  plans  of  DOT  and  NASA  in  a  much  closer  way  than  we 
had  ever  done  before.  We  have  reviewed  eacli  other’s  programs  in  ex- 
ti-eme  depth  and  submitted  to  the  Bureau  of  the  Bude^t,  for  example, 
a  coordinated  program  between  the  two  of  us  which  reflects  both  DOT’s 
long-range  views  of  air  transportation  requirements  at  this  time  and 
NASA’s  research  and  technology  program.: 

Mr.  Pelly.  You  certainly  don’t  nave  any  difficulty  identifying  prob¬ 
lems  at  the  moment  ?  ' 

Mr.  BLirpeb.  No. 

Mr.  Pelly.  Every  college  campus  apparently  has  a  group  now  that 
is  vitally  interested  ii  quauty  environment  ? 

Mr.  Harper.  Yes. 

Mr.  Pelly.  And  I  am  sure  that  they  are  interested  in  the  abatement 
of  noise? 

Mr.  Harper.  Yes. 

Mr.  Pelly.  The  pollution— antipdilotion,  and  all  of  the  things  you 
are  wwking  on.  I  should  think  you  would  have  an  awful  lot  of  public 
support  for  your  work  ? 

Mr.  Harper.  It  has  been  quite  interesting,  relating  to  the  qu^ion 
raised  by  Mr;  Goldwater  earlier,  that  we  have  been  asked  to  discuss 
witli  tbs  colleges  some  of  tihe  unsolved  aeronantioal  B.  &  D.  problems 
that  we  isee.  JuSt  last  we<^  I  talked  to  the  University  of  Maryland 
Engineering  College;' Two  things  havei'been  quite  interesting  to  me. 
One  is  ito  fSm  the  stadents  auite  surprised  tb  see  the  number  of  very 
difficult  technical  problems  ttnat  remain!  in  aeronautics.  They  had  the 
impression  this  science  had  matured  and  thelre  was  very  ;  'ttle  to  do. 

The  other  was  the  point  you  wCreiraisingyMr.  PeHy,  Elngineering  stu¬ 
dents  showed  ^eat  interest  in  the  social  implieeifcions  of  what  they  are 
doing  rathcp^au  strictly  technical  implications  ind  these  two  seemed 
to  come  together  iu  aeronautical  engini^'ring  in  a  very  intere^ing  way 
forthem;  ■■■  ■■  '■  ^ 

Mr.  Pelly.  I  have  had  some  corre^jondenoe  since  the  House  pas^d 
the  appropriations  bill  with  the  $95 ‘million  for  theSST,’and  I  thftik 
that  some  of  these  people  who  vote  didn’t  have  full  information  oir  it 
bCeausei  they  taUnd  about  smOke’and  noise  tand'dther  thdngd  which 
you  bavetbeen  wprking  on  and  oertaanlV' in  '  second  generation  expect 
great  improvements,  do  you  not  ? 

Mr,  HAiumL  Yes^that  is  correcfl,  MV;  Pel^  Ift  is  quite  clear,  I’ think, 
that  for  a  major  step  in  technology-  such  as  the  ffiJST<  rdpg^sents  ‘it  would 
be  foolish  to  risk  carrying  the  technology  farther  than  you  had  to  to 
meet  a  minimum  set  oi  satisfactory  requirements.  Beyond  ihal,' jui^  as 
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mSithe  cAae  for  the  sabfsonic  jet  tvensports,  you  can  see  many  advances 
in  the  aircraft  which  will  make  it  a  much  more  effective  aircraft,  but 
not  advalices  that  you  would  incprpoivte  in  a  first  detagn. 

Mr.  PMjiT.  WeUi  I  certainly  have  enjoyed  your  testimony  here  to¬ 
day  and  will  toy  tkat  I  you  ami^intg  to  fight  for  adequate  re- 
seardi  fun^  for  aeronautics.  1  think  it  is  one  of  the  vital  programs 
today  that  is  needed  in  this  country.  I  am  glad  you  are  heading  up  this 
work. 


Mr.  Haiifek.  Thank  you,  Mn  Pelly.  We  appreciate  your  support. 

Mr.  Hxcbxbr.  Mr,  Goldwater. 

Mr.  Gk)inwAin».  Mr.  Harper,  it  seems  that  the  industry  in  this  whole 
effort  of  research  and  development  seems  to  be  working  on  certain  con¬ 
jectures  and  certain  assumption^  of  what  the  actual  need  is  or  will  be  in 
the  future.  I  think  from  your  testimony  I  assume  you  agree  with  Mr. 
Kirschner  that  an  overall  system  needs  to  be  devwoped  and  an  over¬ 
all  plan,  giving  projections  for  the  n^ds  of  the  future.  I  know  there 
are  w  awful  lot  of  studies  being  made  in  this  area  from  different  di¬ 
rections  and  by  different  agencies.  How  close  are  we  to  realizing  an 
overallplanl 

Mr.  Harper.  I  would  doubt,  Mr.  Goldwater,  tliat  we  will  ever  reach 
the  point  where  we  have  a  single  overall  plan  that  will  extend  very 
far  into  the  future.  I  am  sure  aiis  NASA-DOT  study  will  represent 
just  one  cycle.  It  will  be  reevaluated  as  the  technology  changes  and 
as  the  national  requirements  change.  That  is  why  I  fe^  it  is  very  im¬ 
portant  to  recogniwthis  study  as  perhaps  most  useful  in  developing  a 
process  to  do  this  in  a  most  rigorous  manner  rather  than  arriving  at  a 
final,  fixed-forever,  decision. 

Tnequestion  of  how  fast  we  will  begin  to  solve  these  problems  is  cer¬ 
tainly  an  extremely  difficult  one.  I  think  Mr.  Kirschner  discussed  the 
difficulty  of  bringing  full  blown  into  being  a  V/STOL  transjiortation 
system,  .  ' 

I  myself  doubt  that  it  will  ever  be  accomplished  this  way.  It  is  too 
big  an  invtotmeiik  and  too  big  a  ri^k  to  take  in  one  step,  it  seems  to 
me  far  ihoto>  likely  thati  ciroiunstances  such  as  the  Wasliington-New 
York  air  txnnsportation  problem  will  bogin  to  bi'ing  Into  use  smaller, 
slower  airetaft.  but  which  dan  operate  in  a  way  that  actually  reduces 
tob  New  Ydtk-Washuigton  travel  time.  They  will  begin  to  opei-ate 
oni  parts  of  airports  adwent  to  the  main  runways.  Perhaps  they  will 
develop  a  special  STOL  port  here  and  there.  And  the  program  will 
evolve  from  a  start  like  that,  rather  than  a  very  sudden  step  into  a 
major  new  system.  This  is  orie  of  the  reasons  tWt  NASA  has  been 
pressing  the  devdopment  of  8TOL  aircraft  for  tlie  previous  years  and 
pretty  much  I  think  the  reason  the  FAA  has  come  to  agree  that  it  is 
gmng  to  bo  ail  evolutionary  process. 

Mr.  Goldwatbs.  In  other  words,  we  really  can’t  truly  be  that  far- 
sidsted? 

Afr.  Harfsbi;  I  doiibt  that  we  can.  And  even  if  we  could,  I  doubt 
that  it  would  be  best  to  try  to  introduce  a  new  transportation  system 
abruptly.  , 

Mr.  drounkATm.  In  other  wbnte--I  can  sprak  from  a  certain  amount 
of  knowledge  of  Tnd  Angeles^  where  they  nave  a  tremendous  number 
of  commuter  airlinesusilig^^ — - 
Mr.  HABvkR.  Yes. 

Mr.  Goldwater.  Fairchild  F-27,  is  it? 
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Mr.  Hikes.  Twin  Otter. 

Mr.  OcUiOWAiBB.  Twin  Otter.  They  nse  it  very  extensively.  It  makes 
possible  a  very  successful  commuter  airline  type  system,  all  over  a  very 
larm  area.  It  seems  to  me  the  next  step  then  would  be,  instead  of  using 
ouuying  airports,  to  actually  use  downtown  helio^rts  or  building- 
top  platforms.  Maybe  perhaps  this  is  the  way  the  industry  will  always 
prootad. 

Mr.  Habpbs.  I  think  it  will  tend  to  evolve  that  way,  rathn*  than 
take  a  revolutionary  stra.  One  of  the  questions  that  certainly  faces 
everyone  now  in  consideration  of  STOL  operation  in  the  city  centers 
is  the  construction  of  a  STOt>  po^  It  seepos  very  difficult  with  land 
values  as  they  are  within  a  city  to  use  area  for  tlut  purpose  alone.  It 
becinnes  much  more  attractive  to  consider  a  complex,  a  building  wlK>3e 
operations  inside  depend  very  n^ich.  qh  air  transportation,  and  then 
put  the  STOL  port  dn  top  of  the  bdild^ng. 

We  have  a  question  of  OMlding  ^ust  what  sort  of  business  would  be 
contained  within  the  buildiBg,  so  tt  would  almost  support  itself,  and 
a  STOL  port  would  not  have  to  pay  for  the  cost  ox  absorbing  that 
much  lanq  space  in  a  ci^,  These  of  problems  are  part  of  what  are 
being  stiidlM  by  the  ITOT-rNASA  g^qup.  It  is  necessary  to  begin 
to  envision  the  intecaictiioa  betwem  misiness  as  it  is  carried  on  in  a 
city  and  the  air  transportation  ^stem  before  you  can  decide  ho^ 
these  things  should  devielop. 

Mr.  HscHiiER.  Do  you  have  a  basic  charter  or  set  of  'ustructionsthat 
the  NASA-DOT  group  has  enunciated  as  the  purj  ^  of  their  study 
or  direction  of  it? 

Mr.  Hasfeb.  Yes.  1  might  even  say,  ^Ir.  HecLt.  -  we  Iiave  several. 

Mr.  Hechueb.  committee  would  like  for  th«  record  some  more 
formal  statement  if  you  have  such  that  indicates  just  what  tiiey  are 
supposed  to  be  doing  and  what  direction  they  are  going. 

Mr.  Harper.  All  right.  We  will  give  yoh  ^he  latest  stage  of  develop- 
mentofthis.  , 

Mr.  Hsc^xiB.  Fine. 

(The  requested  material  follows  i). 

INTBODCCTION 

On  Angost  6,  1969,  a  meworanduni  cosiraied.  by,  tbe  CJiaiman  (Mr.  Secor 
BrowM)  and  tbe  Vice  "(Mir.  'Cbama  Harper)  of  the  .Management 

Committee,  directing  the  execution,  of  tikU  joint 'study.  The  direction  authorized 
tbe  Bxecntive  Dtteetor  to  begin  strnetiirl^  the  'stndy  a^id  soliciting  the  beat 
qnallfled  support  whefther  iagdVerhiaeht.'ot  industry. 

OU  September  s,  1969,  the  Under  Sm^a^.  DO^  prodded  the  Chairman  of  the 
Subcommittee  eu^Advaueed  Beeeittcn'ana  Ti^hbofogy.\^tb  the  basic  charter  for 
the  study  and  a  iettSV^ef  tthaSmfttSi'faitrodnc^^  the  charter  (copy  attach^). 

UBjEcTitES  hr  wtr  bTObt 

Coniwumt  with  the  reeommebdations  at  the' Committee  on  Aeronautlcttl  and 
Space  Sciences  ia  Senahe  fieport'957,  the  overall  UbjectlVes  of  tbe  study  are : 

(it)  To  aaniyse  thei  neCatioestaip'  between  beneflts  that  accrue  to  the  nation 
from  dvil  aviation  and  ttie'keTel  of  laenmauticalTesearoh  and  development  effort. 

ih):  Te  detennlne  or  deVeMp  criteria  for  dUtemlnihg'the  level  of  dvil  aeronau¬ 
tical  leseasch  and  ^selopment  veqnliedi  to  maintain'  U.S.  leadership  in  civil 
aviattontetiieftttiiBe.  r  : 

(o)  To  identify  what  ponttoa  of  civil  aviation  SAD  duomld  be  stkonsored  by 
the  government. 

(<t>  To  soalyze  tbe  divergence  and  commmtallty  of  milttaTy  and  civil  aero¬ 
nautical  reqaiMueats  and  asaeaa  the  trends  of  benefits  to  civilian  needs  froUi 
military  HAD. 
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(e)  To  identify  civil  aviation  R&D  anticipated  to  be  undertaken  in  the  private 
sector  (to  the  end  tbat  ayiatiion  9dl>  efforts  of  l)oth  oublic  and  psivate 
sector  can  be  viewed  in  ^  oye^u  paifl<|bfl, context). 

'  ■  ■  'APraokca  ' 

Tbe  witoie  conduct  of  .t^  s^u47  will  be  iterative  in  nature,  absorbing  available 
Itkfotoatton  out  of  the  eziistiiig  activities,  and  being  addressM  by  men  of  sufllcient 
stature  to  exercise  mature  judgment.  The  first  cycle  will  be  largely  intuitive,  with 
the  second  mu(di  more  rlgoraus  and  Cheittkird  cycle  addressed  to  critical  gaps. 

.  The  approach  to  execution,  of  the  :  stgdy  recognises  thst  ' within  the  various 
agencies  qf  the  government  and  eirgaitisations  representing  industry  resides  a 
wealth  of  information,  analysis  reports,  and,  prwosed,  processes  which  can  be 
used  to  structure  the  systems 'hfid  evahtiite  tbe^raatlve  ebsts  without  necessarily 
ihitlattitg  newi  pfqgmmu.  '  'Tliesefiare  the 'assignment  hhs  been  stdidted  of  well 
flUalifiod  legelifmeram^t  administrators  in  four  working  areas  whose  day- 
to-day  fesponsibtllaes  dosejy  parallel  the  characteristic  problems  that  will  be 
addreSsM  by  the  w'orking  grohps.  Under  l^ir  direction- 

As  their  first  activity,  the  stAff  oif  the  Study  ^onp  and  the  designated  working 
area  study  directors  are  stmctnrlngtbe  ipedlflc' tasks  within  ehcb  of  the  major 
,aneaa  nm  basic  framework  within  ,wblcb  that  effort  is  developteg  is  as  follows : 

(a)  Pyolected  civil,  air  transportation  needs  and  objectives  will  be  Identified 
ih  four  categories :  rahdmn  systems  (mneral  aviation),  sbort-hanl  systems,  long- 
banl  dmneistlc  and  Ibtag-^hh^  inteniStlottal,  A'  set  of  hypothetical  civil  aviation 
systems  wiU  be  defined  wlucb  atmusr  beSt  stated  t6  meet  these  needs  and  objec- 
ftlvee.  Ground  transportation, -air  tectnlaal  access  and  egress  as  well  as  airways, 
airport^,  Mr  vehicles  .and  tbCAir  Itself  will  be  taken  into  consideration. 

'  (b) ' Critical  technologies  (social  as  well  as  phyeicai)  will  be  Identified  for 
the  elements  of  promising  systems.  The  level  of  research  and  development  effort 
necessary  to  inuvide  tbe  requited  technology  and  proof -of -concept  wfll,  be  esti¬ 
mated.'  ;  .  ,  I 

(c)  The  benefits  which  would  accrue  as  the  result  of  implementation  of  the 
promising  systems  will  he  IdfntifM.  These  benefits  will  be  evaluated  against  the 
pbrtion  of  the  coste  asaoClatM  with  the  research  and  development  activitiea 
■  (d)  Vs<riohs  researdU  and  deVeioimieiit  activities  which  appear  appropriate 
to,  be  (vonsoned  by  the  government  will  be  identified,  taking  into  consideration 
the  level  of  efRtrt  .reqMrod  to  toeet,  transportation  needs  and  requiremmits.  the 
level  of  effort  requlr^to  maiqtnip  leadership  in  civil  aviation,  and  the  related 
dvU  lesterch  and  develoihndnt  contributions  derived  from  the  military  programs. 

In  the  final  stages  of  the  study,  a  higher  proportion  of  the  effort  wjU  be 
addressed  to  evaluation  of  benefits,  identification  of  managtanant  options  for 
organization  and  financing,  and  suggesting  elements  of  policy  recommendhtions 
for  sets  of  conditions  which  have  been  develojyed. 

FBOGBESS  StriCMABT 

‘  S&ra'  the  September!  ^  10^  Ifiba  tp'  thig  Subcommittee,  the  following  progress 
Imkbdim  nm4e.te  implemenutiomor  : 

’’  td)  liunagCmcnt  Committee  fpr  the  joint  study  was  established  and  the 
l!te<^ve  Blrector  (Idr.  trfiwrenoo,)^!.  (jr^e)  proceeded  to  identify  the  resource 
requirements  for  t%  functional  organltmtions,  and  proceed  to  tolly  structure 
ttte  study  In  accordance  with  the  SOf!0/7fASA  interagmicy  agreement 

(b)  A  Study  Advisory  GoUmdttee  was  developed  thronM>  the  resources  of  the 
Natlmutl  Acadeniy  of  Eingineering.  The  Committee  membership  is  now  estab¬ 
lished  with  21  members  r^reaentib^  top  level  management  leaders  in  the  total 
transportation  community.  The  next  meeting  of  this  Committee  is  scheduled 
for  specember  18,  IfidP  wtamr  their  advice  and  coxmsel  will  be  solicited  after 
revlewiug  tfae  stndy  ocganlsattan,  pr<«ram  structuring,  and  progress  to  that  date. 

(c)  Working  Groups  Dteectoas  have  been  identified  for  the  three  inrimaxy  areas 
of  peroMutlcal  rehteles,  airport  systems^  and  airway  aysteitas; 

.(dl  On,  i^Dvemher  2,:  19^  the  Department  of  Defense  (Dr.  John  S.  Fester, 
Jr.)  acknowledged  thes  DOT /NASA  invitation  to  pertidpate  in  the  study  and 
agre^  tb  supply  the  desired  personnel  and  material  support.  Negotestions  are 
now  nndd:way  to  eetect  tbree  milltiixy  avlafion  ei^ierts  for  fnll-time  duty  with 
the  study  organization. 

.,.  ..(«)  TU  pruMde  representatiOBS  from  the  CivU  Aeronautics  Board,  an  invita- 
,tion  to  pa^dpate  was -forwarded  to  the  Chairman  on  November  12,  1909.  Ne- 


gotiations  are  now  underway  ito  pioTkIe  a  inU-lline  OAB  member  to  the  study 
gronpi 

(/)  Two  contractor  ann^ort  efforta'-are  now  underway.  Boos-AUen,  Inc.  la 
under. f^ntract  to  complete  tbe  “Htetor)c^l  Beimfits  Study”  covering  tbe  aero- 
nbutigil.  r^^rcta  and  dev^wment  lilstmiy .  ^ce  1046;  developiii^  assessment 
toola  tor  tbe  b^enb  adcrded  tirem  tboae  Investments,  end  validating 

tbote  anMun^  j^bi’tor  Mae  agdnst  fiit^  aeronautical  program  pro¬ 
jections,  sdcond  vma  awarded  to  OperatiOna  Beaeatcb,  Inc.  to  per¬ 
form  IdtegfitTim  adtlv^eB  wlt!^  the  ^dy.  ^ma  will  include 

the  deye|mw#t  Of  bmaCer  s^d^es,  &idt  networks,  mabbgeintmt  nOtwow.  re¬ 
porting  forteata  and  display  devltea. 

Tbe  ^nUni  dnd'  SJ^erbs  An^sls  Ctnmp  la’tbe  full-time  staff  assigned  to 
Ur.  liSWxbncelP,  CKteene^  Wbo  also  tm^ons  as  tbe  dtndy  program  Manager.  This 
btafflscOfdjimera of  bbl^ DOT^ASA.  ftjU-time governmcsOt  eniployeee  (ten).  Since 
late  SeptefidtOti  Uila  group  baa  beim  In^olVied  m  stmctuiring  ue  idudy  to  Include 
devdopmg  ti)  mempiMlltetaidcsfOrfiie  WOMdllgOrouba.  (2)  a  tedmology  aesess- 
ment  of  avellalile  capability  and  proJecttoftetM  futOre  teCl)inel<^  goals  and  objec¬ 
tives,  C'9)  'tbe  Coinpllatloo  of  past,  ctnent  and  future  activities' and  studies  rele¬ 
vant  to  this  study,  (4)  tbe  Initial  IteCSaon  of  tbe  study  to  validate  the  selected 
metbodolagy  and  (B)  Implement  the  plana  fOr  program 'management  and  con- 
tnd  to  achieve  tbdpbjectlves  of  the  study. 

Qrinme  or  the  SBOUErABT  or  Tkanssobtation, 

Wmhinfft()in,D.C.;A«ffu»f€,I960. 

Mr.  Lawbekce  P.  Gbkene, 

ff SeosMve 'BireOtor,  OMl  A^tion  X.dD.  PifUcff  Studp,  Department  of  Trantpor- 
tatton,Wa«hi*0ton,J>.€: 

DeAB  1^' GmtadK ;  Id  sn  exchange  of  letters  on  April  28, 1969,  Mr.  James  M. 
Begga,  under  SeCrOtatryi  and  iJr.  Tbo^s  0.  Paine;  Admlnlstr&tef,  NASA,  agreed 
on  a  general  ainm^ch  t6  a' Joint,  fn-Oerith  study  of  the  nature,  cw  and  benedts 
triilcfa  accrue  ftum  Uiytf  A’mtlCo  'Besearch  dtid  BevelOpm^t;' The  attachment, 
transmitted  hetewtth.  Is  an  expaasl<«i  «rf  tbe  original  agreement  ‘which  has  hem 
devel<H>ed  throngh  a  coordinated  effort  of  our  Ofiic^  It  represents  tbe  Imple¬ 
mentation  piannfOr  toe  oveT^all  management,  <ff  the  stndy. 

Yon  are  hereby  inducted  to  proceed  witti'  the  execution  of  this  study.  Yon  are 
to  cmufder'tiUs  letter  tbe  authority  to  solicit  the  hecesisary  support  fXom  other 
elemente' of  the  DOT,  NASA,  and ‘oflter 'government  agoncleh  on  briinlf  of  the 
Mbnagsment  OOmlttlttBe.  lA  addition,  yOn  riionld  keep  in  mind  tbe  Importance  of 
getting  the  beat  gUdUSed  cotitrlbntibhs  to  this  efltort  triiether  ip  government  or 
indni^.  Yon  are  also  InstfnCted  to  initiate  coordteation  With  Dr.  B.  Guyford 
Stevter,  Pmsideatt  Carnegle^MeOon  UnlterstQr,  who  has  agreed  to  serve  as  Chmr- 
man  of  theStMly’Adrisory  Oecmnlttee. 

Finally,  althougb  tbe  Complete  study  is  expected  to  take  approximately  18 
montha  to  complete,  the  importance  of  ' providing  immediate  asristance  to  tbe 
two  agoicies  in  developing  their  programs  of  Aeronautical  Beseaicb  and  Devel¬ 
opment  cannot  be  overemphasW^  Accordingly,  yon  are  asked  to  be  prepared 
to  contribute  to  the  claa^catlcm„and  Identiflcation  of  aviation  oriented  research 
and  development  prwrwa  tit  the  propoaed  FT  1971  budget  when  it  is  stenaitted 
to  the  BUmn  of  the  Sudgrt  later  this  year. 

The  critical  inUe'^tones  for  the  tbtal'stndy  nbaii  be;.Septmber  SQ,  1960  for  tbe 
full  stmctnrlng  of  the  program  the  first  review  wito  the  Study  Advisory 
Committee,  April  %  1970  tor  Inlfim  contrlbotimis  to  the  FT  1972  budget  devel- 
opmentr  ahd  Bepten^r  SO,  J070  tor  significant  oontribothms  to  the  snbmlttal 
^d  Bdbstantiaticn  of  the  FT  IFl^  budget.  It  la  intended  that  the  major  elements 
of  tms  stndy  and  its  tocomiuehdatioas.  shall  be  available  tor  seview  with  the 
SecretMT  of  TVan^rtation  apd  fbe  .Admimatrator,  NatUmal  Aeronaittics  and 
Space  Adminlstratlap,  h^ore  the  eud  of  odenday  year  1970; 

Sincerely, 

,  Cbasucs  W.  HAarsB, 

Depfifv  AAioetete  Admhdfirater  ( AertmewNos),  OAMT,  NASA, 

Floe  Qhainwa^CivaAvtatttni  Jt  d'D.  JXolloy  Stedy. 

:  ..-"’j  atdow.D, BsK>ur,int'. 

.  Asstetoiit  Fedrntory  for  SMeorsh  etui' TeohMiOMr, 

Ohairman,  Civil  Aviation,  R,  d  D.  Ptifipt  Btvdp. 

Attaidiment' 
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Oivn.  AnMnon  Kesbabor  aks  Dbveuriobt  Pouot 
'  '  ,IirTMDlTOnORi 

The  Senate  Ceminlttee  on  Aeronhntiical  and  Spai^  Sciences,'  and  later  th? 
House  Snhcdminittee  Oh  MTi^toed  Beseaich  and  Ttehnology,*  blshllghted  the 
tor  , a  atei^  national  policy  for  aeronanticai  reseazcn  and  development, 
inclqdlng  a  more  ctMwrehenaive  and  cobm;«»t  poUcar  In  the  area  of 

^vil  aviati^aii  an4mi^i;<tftht  ^^nt  of,  the  ovmii  tfanaportation  ayatem-  The 
Stenaja  Committee  t^mmende^*  imd;^  IBodse  S^tcomndttee  c^cnrred,  that 
the  Department  of  xraiuportaaon  and  the  Kational  Aen^httes  and  Space 
A^nistntiooi  sbonld  nadertake  an.tedepth  study  of  the  telatioinahip  between 
the  benedte  'tti^  accme  to  the  Nation  from  civil  aviafimi  apd  the  level  of  aero¬ 
nautical.  lesea^  And  develoinqent  effort,  ^Thia  stOfdy  sbonld  try  to  detemiUne 
(or  develop,  criteim  ter  dfttermtehm)  ^  level  of  dvi).  aeronanticai  research 
and  devetepmont  re<inlrad  to  in|iinta(n  u.8.  leadership  in  dvil  aviation  in  the 
fotare.  It  Mould  "aiuo  indnda  a  deteUad  analysis  of  u»  dlvetieney  of  military 
and  dvlltan  neronantical  tequlrmnente  in  order  to  assess  bettor  tbedinlnisbinK 
ben^ts  to  dvilun  jwtkte  from  mtlitary  HicD”. 

SutMOQuent  to,  the  flndlMS  and  reconunendatlon  of  the  Senate  Aeronautical 
and  Space  Sdehces  Committee,  the  National  Aenmantlcs  and  Space  Council  held 
a  meeting  on  May  22,  1968,  at  which  It  was  proposed  by  Mr.  Webb  that  the 
Department  of  Tranapmtation  take  the  lead  in  developing  a  plan  for  carrying 
out  the  Joint  DOT/NA^  study  effort.  The  importance  of  participation  by  the 
Department  of  Defense  was  also  recognised. 

The  Bureau  of  tbn  Budget  has  also  dlMisyed  a  keen  interest  in  the  creation 
of  a  onlfled  civil  aviation  researdi  and  develomncat  policy,  especially  as  it 
inclndea  copalderatlon  of  the  levd  of  effort  apd  makeup  of  the  coordinated  dvil 
ariatiop  ra^r^  pUd  devel(«mm>^  IRogram  that  Is  required  by  the  Nation.  In 
this  cminegtt^  teo,  ft  is  important  to.  identify  not  what  portion  of  the 
respop8|piiDwM.for  pettennlnp  this  research  and  development  sbonld  be  assigned 
to  the  OorbrnMen)^,  hut  alap  what  ,  the  division  of  this  portion  sbonld  be  between 
the  various  aj^Cldi  of  the..Qbveniment 

In  light  of  these  considerations,  the  Department  «rf  Transportatimt  and  the 
National  Aenmautics  and  Sps<^  Administration  have  outlined  a  study  for 
the  development  df  a  compressive  and  coherent  national  policy  for  dvil  avia- 
tfOn  repeb^h  ati4  development.  Implementation  of  this  plan  wiU  lead  to  the 
ideatiOcf^op  of  civil  avlatlofn  research  and  development  programs  recommended 
for  Monsiobutip  hy  thq  )Eyderal  Covernment  lifted.  ieaear«b>and  development 
anticipated  to  bq  qndertakea  in  the  private  sector;  will  be  sindlady  IdentUied  to 
the  end  that  the  dvil  av^tiop  research, and  development  efforts  both  tiie 
public  and  private  sector  can  be  viewed  in  as  ovrnnll  nattmal  context. 

This  pwper  optlhm  the  study  plan,  recommetej  p  method  of  Wlementatlon, 
.estimates  tee  jumr  rqqhlremients  for  its  ocRMtetten., 

'  ’io  '-  raoBpann  axqnT.iwjf.  , 

b^a^oncd  ’sth^  plail  is  achematldaiy  poftnyed  te  Figure  1.  For  ease  of 
disdmbb,  the  idtrh  faasbebn  divided  Ihfofonr  |^epe’Vtheffrd  of  whldi  Is  aimed 
at  defining  tee  projected  dvil  aviation' ffmiMoi^tioo  requirements'  hi  relation 
teoteef  ^nteiilhoMnnl&.'rcqnlremmits. 

Thb  becbhtt’ite^  Witt  identify' the  severarty^^  bf  dVU.pViatlon  ^sterns  which 
appbar  tedmdnBily  and  coHeCtiVdy  best  snlm  to  SafUfy  the  total  requirements. 
The  tiiird  step  w^  nqul^  these  systems  to  iaMtif)r.‘'wbeie  and  what  BW  are 
limiting  faetete  In  aehistihf  operational  chpablltty  of  these  new  air  transporta¬ 
tion  syMOtam.  TmP  'fanportedt  inpnts  te  these  analyses  Ivlli  be  provided  by  the 
study  of  tile  UstMleal  bbnettts  of  SAD  to  the  advancement  of  civil  aviation  and 
the  study  of  the  spin-off  ftom  military  BAD  to  dVillah  aiiipUCatlons. 


'Heatem  oa  AemoMWl  Kewsreh  and  DeralopiBent  bald  before  tbe  Subcommittee  on 
Adynced  Reaeteb  jBd  TetendOgy,  Commute  on, SclKM  ud  Aatronantica,  0.8.  House 
nt  tePWWIMltefraa  HmstlMh  Oongvem,  iteMM  SesAOmMiNember  M,  25,  2«,  80 ;  October 

,  Iff*"***  “Aeronautical  Beseareb  and  Deralopmeiit  Policy,"  yanoary  31. 
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TOe  fourth  step  In  die  study  plan  will  be  to  analyse  the  resulting  BAD  reqnire- 
ments  in  terms  the  rate  at  which  they  are  satisfled  depending  upon  the  ler^ 
of  effort  of  BAD.  In  addition,  this  last  step  In  the  study  will  identify  the  appro¬ 
priate  distrihatiMi  of  BAD  efforts  among  the  more  desirable  aviation  systems 
and  between  Government  Industry,  and  universities.  Finally,  there  will  be  the 
determination  of  die  distribnUon  of  the  Government’s  pordon  of  the  ^ort  be¬ 
tween  D<yr,  NASA,  and  DOD. 

It  is  noted  on  Figure  1  that  a  nundier  of  feedback  loops  are  provided  between 
the  several  idiaaes  of  the  study  and  that  mission  and  systems  integraUon  and 
analyds  is  provided  for  as  required  in  proceeding  from  one  phase  to  another.  It 
is  andcipat^  also  that  addidonal  supporting  studies  and  analyses  may  be  re¬ 
quired  for  the  successful  performance  ot  this  overall  operadon.  While  these 
studies  are  not  defined  at  this  time,  the  probability  is  acknowledged  by  the  block, 
“Supporting  Studies  and  Analyses”,  shown  on  Figure  1. 


Cl»lt  AVIATIO«  ««»  fOtlCIt  »t»»Y 


finally,  it  should  be  noted  that  this  study  is  actually  a  very  important  iiart  of 
a  larger  transqiortadon  systrais  study.  As  such,  the  results  from  this  study,  as 
well  as  the  treatment  of  an  integrated  transportadon  system  will  be  repeatedly 
evaluated  as  they  become  available  to  insure  compatibility.  Initially,  however,  the 
civil  aviation  BAD  study  will  make  use  of  existing  trafiGk;  forecasts.  It  will,  of 
course,  be  necessary  to  examine  cridcally  these  forecasts  to  assure  that  they  ^ve 
all  possible  consideradon  to  the  impact  of  new  technology  and  to  assure  that  they 
are  based  on  the  estimated  role  of  air  transportadon  in  the  context  of  an  over-all 
transportadon  system  rather  than  as  an  independent  part. 

lUFUUERTmo  THE 

Implementadon  of  the  process  briefly  described  in  the  foregoing  poragrapbs 
will  be  accomplished  through  a  combination  of  in-house  efforts,  contract  efforts, 
and  committee  actlvides.  Besponsibllity  for  the  over-all  management  and  co¬ 
ordination  of  the  effort  will  be  assigned  to  a  Management  Committee.  Spedfic 
studies  will  be  carried  out  by  appropriate  Working  Groups  reporting  to  the 
Management  Ccmimittee;  staff  support  to  the  Management  Committee  will  be 
provided  by  a  Mission  and  Systons  Analysis  Group;  and  the  Management  Com¬ 
mittee  will  be  provided  with  expert  and  broad  advice  and  counsel  in  the  conduct 
of  the  study  by  a  Study  Advisory  Committee  (seeFlgure2). 

The  Management  Committee 

The  Assistant  Secretary  for  Besearch  and  Technology,  DOT,  will  be  Chairman 
of  the  Management  Committee  and  the  Deputy  Associate  Administrator  for  Ad¬ 
vanced  Research  and  Technology,  Aeronautics,  NASA,  the  Vice  Chairman. 
Through  these  two  positions  the  total  program  will  be  under  the  Joint  aegis  et  the 
Administrator  of  NASA  and  the  Secretary  of  Transportation.  Ihe  third  member 
of  the  Management  Committee  will  be  the  Executive  Director  (Program  Man¬ 
ager)  of  the  study.  He  will  be  assigned  full  time  responsibility  for  the  execution 
88-A810— 70 - 0 
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and  coBtrol  of  tbla  atody  and  wiU  be  reaponalble,  on  bebalf  of  the  Gbalnaaii  and 
Vtee  i^iainnan,  for  the  over^l  planntns,  cooidinaUftn  and  Integration  of  ttie 
varlooa  effwte  required  to  effect  the  impiementatloa.  ^e  remaining  complement 
(ff  the  Managmnent  Comniittee  shall  consist  of  selected  Working  Group  Study 
Directors  (to  be  determined)  and  the  Chairman  of  the  Study  Adriawy  Com¬ 
mittee  (Bk  Oflldo). 

The  BcecutiTe  Director  will  serve  as  personal  agent  for  the  Obairman  and 
Vice  Chairman  in  matters  p»talning  to  the  ezecntloa  of  this  study  and  will 
assist  them  in  the  reporting  to,  and  coordination  with,  the  Administrator  (NASA) 
and  Secretary  (DOT),  the  Study  Advlaory  Committee,  the  National  Aeronautics 
and  Space  Council,  tte  Senate  Staff  and  such  other  persons  or  organisations 
which  shall  be  designated.  He  will  exercise  prerogative  on  behalf  of  ^e  CSiairman 
and  Vice  Chairman  In  the  fcdlowlng  ways: 

CIVU.  AVIATIM  SU  POLICY  STVDV 


niu  OM  tWPV  ceOIMMWION  I 


1.  EstaUish  scope  of  working  group  studies  to  be  accomplished. 

2.  Establish  schedules  and  budgets  for  In-house  and  contract  work  in  suiqiort 
of  studies,  monitor  performance,  direct,  redirect,  and  control  the  various  efforts 
necessary  to  complete  this  study. 

3.  D^lne  and  recommend  implementing  procedures  for  in-house  vs.  contract 
activity  and  control  the  assignment  of  contracted  effort. 

4.  Select  and  assign  (In  coordination  with  the  Chairman  and  Vice  Chairman) 
Working  Group  Study  Directors. 

5.  Review  and  coordinate  the  efforts  of  the  designated  study  (working  group) 
dlrect(»s. 

6.  Cmtinually  reassess  the  progress  of  the  program,  maintaining  particular 
cognlaance  over  the  integration  and  evaluation  of  the  results  in  comparison  to 
identified  requirements. 

7.  Assure  that  broad,  unbiased,  contributions  are  provided  to  the  study  efforts 
to  assure  proper  identification  and  understanding  of  the  relative  roles  whidi 
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DOT,  NASA,  DOD,  otber  Oowrainent  agancleti  asd  indnatry  ahoold  play  in  Oda 
Titai  work  and  will  coordinate  anch  actlritlea  with  the  otlm  Chwwnment  a<«i- 
clea  InrolTed. 

A  Beriew,  derelopk  and  recommend  to  the  Chalrman/Vlee  Chairman  proee- 
dnrek  i^ugnuna,  and  anhjecta  tor  eTalnation  by  the  Stwly  Adrlaoiy  Committee. 

The  lixi^tlTe  Director  (Procmm  Manager)  will  hare  admlniatratire  reqxm- 
alhility  tor  a  amall  ataff  (the  Mlaalon  and  Byatem  Analyaia  Oronp,  aee  below)  to 
aai^  him  in  the  day-today  atudy  management,  to  deOne  the  inteiface  rela- 
tionahlpe  between  elements  ot  the  study,  aa  wMl  aa  between  otber  related  tech- 
mdoidas,  programa,  and  tranqwrtatloa  reqnlrements,  and  to  carry  ont  systems 
analyses  and  integration  ot  the  rarions  elements  ot  the  orer-all  study. 

Btodg  Aixitory  Committee 

The  Study  Adrisory  Committee  will  be  eatabUsbed  to  provide  the  Chairman 
and  Vice  Chairman  ot  the  study  with  expert  and  broad  advice  and  counsel  in 
the  conduct  of  the  study.  To  insure  the  adiievefflent  of  this  end,  the  Committee 
will  be  formed  utillaing  the  National  Academy  of  Engineering  and  will  be  con¬ 
stituted  with  top  level  leaders  in  the  air  transportation  Held,  from  other  Qov- 
ernment  agoudee,  industry,  and  nnlversitiea.  The  Committee  will  meet  period¬ 
ically  to  review  the  status  and  progreaa  of  the  ovm^all  study  activity  and  its  many 
aerate  elements,  and  will  advira  the  Management  Committee  of  its  views  on 
these  matters  as  well  as  content  of  the  study.  The  Chairman  of  the  Adviswy 
Committee  will  serve  on  the  Management  Committee  in  an  ee-officio  capacity  and 
tons  will  be  k^  in  very  close  touch  with  the  over-all  study  and  its  many  ele¬ 
ments.  In  selecting  repreamtatives  from  the  private  sector  to  serve  on  the  Advi¬ 
sory  Cmnmittee,  the  views  ot  a  number  of  private  organlaations  will  be  solicited 
in  sedUng  Indlvldoals  ot  competence  and  recogniaed  stature.  These  organlaa- 
tiona  include  the  Air  Tramqmrt  Association,  representing  the  airilne  industry ; 
the  Aircraft  Owners  and  Pilots  Association,  representing  the  “general  aviation’' 
nams;  the  Aircraft  Industries  Assodatimi,  representing  the  vehicle  mannfhc- 
turers;  the  Blectronlca  Industries  Aaaociation,  representing  the  electronics  man¬ 
ufacturers  ;  the  Airport  Operators  Council,  representing  the  airport  interests ;  the 
National  Academy  of  SdmiceB,  represmitlng  the  scientiflc  cwnmnnity. 

Working  Oronpt 

Woriting  Oronps  will  be  formed  to  carry  ont  specidc  elmnmits  of  the  over-all 
study  as  may  be  required.  Tndcal  Working  Groups  are  identified  in  Figure  2 ;  the 
Groups  dtown  there  are  r^wesentative  of  those  which  will  be  formed,  and  not 
necessarily  all-indnslve.  Certain  of  the  study  dements  shown  on  the  figure  have 
already  commenced,  either  to  meet  other  related  respontdbiUties  of  the  Depart¬ 
ment  of  Transportation  and  the  National  Aeronautics  and  Space  Administration, 
or  to  anUc^te  the  reqnlrements  of  this  plan  and  attempt  to  shorten  lead  times 
necessary  for  its  accomplishment 

Working  Group  Dir^ors  will  be  from  DOT  or  NASA,  as  appropriate,  chosen 
by  the  Eixecntlve  Director  in  coordination  with  the  Chairman  and  Vice  C^mlr- 
wisn-  All  working  group  directors  will  assist  in  tbe  overall  study  deflnitimi, 
implmnentation,  and  Integration  throujdr  the  auspices  of  the  Executive  Di¬ 
rector’s  Stall.  Thus,  they  shall  be  well  informed  aibout  the  definition  of  tasks 
and  boundary  con^tl<ms,  the  values  of  the  outputs,  and  tbe  importance  of 
the  results. 

It  is  planned  that  the  working  groups  will  have  representation  from  not  only 
DOT  and  NASA,  but  also  from  the  D^artmmit  of  Defense  and  other  appropriate 
government  bodies.  In  addition,  expert  help  frmn  tbe  private  sector  will  be 
sought,  as  appropriate,  with  individuals  serving  on  a  paid-consultant  basis  and 
contracts  avrard^  to  groups  as  needed  for  specific  tasks. 

liiteion  and  Sgetenu  AnatgeU  Oronp 

While  each  ot  the  study  elements  will  have  a  specified  set  of  outputs,  none  of 
them  can  be  conducted  without  some  considmatlon  of  tbe  other  system  elements. 
For  instance,  the  air  trafk  control  stu^  cannot  be  conducted  without  considera¬ 
tion  of  vheicles,  airports,  and  noise.  As  a  result,  two  things  become  obvious. 
First,  careful  and  g^ded  coordination  between  study  efforts  will  be  required; 
and  second,  each  of  the  studies  in  each  phase  of  tbe  total  program,  will  have 
some  input  to  the  other  areas  of  study  (cross  talk).  As  an  example,  in  the 
activity  pertinent  to  the  RAD  Reqnlrements  Mock,  critical  information  per¬ 
taining  to  vehicles  will  come,  not  only  from  the  systems  int^ratlon  and  analysis, 
but  will  also  be  provided  by  studies  <m  noise,  air  traffic  control,  safety,  etc. 
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To  assnie  thi«  lategratloa  at  all  jdiaaea  of  tbe  atody,  the  Mission  and  Systems 
Analysts  Group  will  be  formed.  It  will  consiat  of  a  small  number  of  full-time 
DOT  and  NASA  peisminel  of  an>ropriate  technical  expertise,  augmented  by 
part-time  support,  as  required,  from  these  and  other  agencies  as  well  as,  the 
private  sector.  It  will  be  snppwted  by  contracted  effort  and  designated  in- 
house  assignments  to  functional  elements  of  the  parent  organisations,  as  re¬ 
quired.  The  Miasicm  and  Systems  Analy^  Group  will  be  directed  by  the  lixec- 
uUve  Director  of  the  over-all  study  and  the  group  will  thus  serve  the  Manage¬ 
ment  Committee  as  its  Immediate  staff. 

Btuiy  BcKeiule 

Itie  length  of  time  for  carrying  out  the  study  should  be  about  fifteen  months. 
Allowing  three  months  for  the  study  to  become  fully  activated,  this  results  in 
a  time  period  of  eighteen  months  to  accmnpUsh  the  total  tadr  described  in  this 
papmr.  Preliminary  results  should  be  available  for  the  FY  1072  budget  exercise. 
Bxecntlon  of  the  work  shall  be  In  an  Iterative  manner  (Figure  1).  Successive 
st^  of  determination  of  requirements,  comparison  of  technological  capaMlity, 
identification  of  system  concepts,  analysis,  comparison  of  results  to  original  re¬ 
quirements,  redefinition  as  necessary  until  the  final  determination  of  char¬ 
acter,  level  of  effort,  and  distribution  of  effort  between  various  departments  of 
government,  academia,  and  industry  is  recommended. 


Sdtehbeb  8,  1969. 

Honorable  Ken  Hbchleb, 

Chairman,  Bubcommittee  on  Advanced  Research  and  Technology,  Committee  on 
Bctenix  and  Astronautics,  House  of  Representatives,  Washington,  D.C. 

Deab  Mr.  Hecbler  ;  In  view  of  your  deep  interest  in  applying  advanced  tech¬ 
nology  to  the  total  field  of  transportation,  I  felt  it  would  be  worthwhile  to 
call  your  attention  to  the  Joint  Department  of  Transportation  (DOT) /National 
Aeronautics  and  Space  Administration  (NASA)  Civil  Aviation  RAD  Policy 
Study  which  we  have  recently  initiated.  I  know  that  your  Subcommittee  on  Ad¬ 
vanced  Researdi  and  Technology  was  instrumental  In  saggestlng  action  on  this 
subject.  Furthermore,  I  know  that  yon  have  been  an  active  advocate  of  such 
effort. 

The  need  for  development  of  a  well-defined  relationship  between  government 
and  industry,  and  between  various  government  agencies  involved  in  aviation 
development  is  clear.  This,  of  course,  concerns  primarily  the  DOT  and  the 
NASA  but  also  involves  the  Departments  of  Defense  (DOD)  and  Ommerce, 
as  well  as  other  executive  departments,  and  the  private  sector  of  our  manu¬ 
facturing  and  operating  industry.  I  am  extremely  enthusiastic  about  the  pros¬ 
pects  for  develotdng  a  national  plan  for  the  enhancement  of  all  civil  aviation 
as  a  result  of  this  study  effort. 

We  have  constructed  an  aivroach  that  we  believe  will  consciously  exam¬ 
ine  suiBcient  alternatives  to  give  credence  to  the  recommendations  for  Federal 
Policy.  Because  of  this,  it  will  require  adequate  time  to  complete  and  provide 
significant  results  upon  which  to  base  such  recommendations.  The  scope  of  this 
study  covers  the  entire  aviation  complex  of  air  vehicles,  airways  and  airports. 
Because  of  its  brr.  idth  and  the  importance  of  conscious  examination  of  the  bene¬ 
fits  and  costs,  we  have  set  out  an  18-month  schedule  for  this  study.  We  are 
not  content  to  wait  that  long  for  any  results,  however,  and  expect  that  the 
study  will  produce  preliminary  results  for  review  with  your  staff  at  periodic  inter¬ 
vals.  We  are  encouraging  Mr.  L.  P.  Greene,  the  Executive  Director  of  the  study, 
to  maintain  direct  contact  with  the  staffs  of  the  interested  committees  of  both 
the  Senate  and  the  House. 

The  Department  recognizes  the  responsibility  to  pursue  identification  and  en¬ 
courage  development  of  a  truly  balanced  total  transportation  network,  fully 
integrated  betwen  modes,  making  it  possible  and  attractive  for  the  user  to  exer- 
cim  viable  options.  Transportation  represents  the  arteries  of  our  society,  mak¬ 
ing  it  possible  for  our  life  blood  (goods  and  services)  to  be  distributed  to  the 
benefit  of  our  total  well-being.  It  is  one  of  the  means  to  greater  opportunity  and 
cultural  development.  I  feel  that  the  effort  embodied  in  the  Joint  civil  aviation 
RAD  study  represents  one  major  step  toward  realizing  these  objectives. 

In  each  case,  I  take  action  to  notify  the  principals  of  committees  in¬ 
volved  In  the  transportation  program,  I  am  forwarding  the  management  di¬ 
rective  through  which  this  team  is  operating.  You  will  note  from  the  cover 
letter,  our  instructions  are  clear  to  have  continuing  evaluation  of  the  content 
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and  progress  of  the  study.  I  invite  any  comments  which  you  might  be  moved 
to  offer. 

Sincerely, 

James  M.  Beqos. 

Mr.  Hakper.  I  would  point  out  this  is  a  very  difficult  job.  It  has  been 
tried  by  many  people.  Each  time  it  has  failed  because  some  one  group 
has  tended  to  make  assumptions  that  slanted  in  their  direction.  The 
effort  here  is  to  very  carefully  assure  ourselves  that  we  are  not  making 
untenable  assumptions. 

Mr.  Hechler,  Now  you  were  here  when  Mr.  Perkins  testified,  and  I 
think  he  stated  quite  graphically  the  frustrations  involved  in  the  field 
to  freeze  a  particular  type  of  V,/STOL  development. 

Mr.  Harper.  Yes,  sir. 

Mr.  Hechler.  Tms  is  just  one  small  piece  of  a  very,  very  large  prob¬ 
lem.  Now  you  are  a  man  who  is  not  easily  frustrated.  Can  you  give  us 
some  example  of  areas  that  concern  you  m  the  aeronautics  field,  in  the 
absence  of  a  definite  policy  ? 

Mr.  Harper.  Well,  when  you  say  “concern,”  do  you  mean  areas  that 
we  have  chosen  in  the  absence  of  a  policy  to  pursue  in  any  event  ? 

Mr.  Hechler.  Well,  what  I  was  really  seeking  for  was  areas  where 
you  failed  to  make  progress  or  there  has  been  lack  of  activity  or  sup¬ 
port  by  reason  of  the  tmsence  of  a  definite  type  of  decision  or  leader¬ 
ship  as  was  pointed  out  in  V/STOL  by  Mr.  Perkins. 

Mr.  Harper.  Well,  in  the  broadest  possible  sense  I  would  think  the 
question  of  the  extent  to  which  general  aviation  and  general  avi^ion 
now  including  not  only  the  private  pilot  but  the  charter  or  taxi  op¬ 
eration — ^the  extent  to  which  that  will  become  a  significant  part  of  our 
transportation  system  and  therefore  the  extent  to  which  the  Govern¬ 
ment  should  support  it.  To  date  the  actual  investment  in  R.  &  D. 
through  the  Government  has  been  very,  very  low  in  this  area  compared 
to  the  emphasis  in  other  areas,  and  yet  it  is  one  of  the  most  rapidly 
growing  facets  of  air  transportation  in  the  country.  You  have  on  the 
one  hand  the  extremist  who  says  that  is  only  useful  to  the  very  wealthy 
man  or  to  the  major  companies  and  Government  should  not  have  to 
provide  support.  On  the  other  extreme  is  the  observation  that  it  will 
become  very  key  as  a  short-haul  transportation  link  feeding  major 
trunklines.  There  is  no  decision  but  a  great  deal  of  argument  here  as  to 
what  role  if  any  the  Government  should  play  in  supporting  the  whole 
field  of  general  aviation. 

To  get  more  specific,  there  are  certainly  the  questions  thht  Mr. 
Perkins  and  Mr.  Kirschner  raised  about  the  difficulty  of  choosing 
between  the  many  competing  types  of  S'TOL  and  V/STOL  aircraft. 
The  STOL  aircraft  are  closer  to  opeititional  status  if  you  consider 
them  as  a  propeller-driven  type.  The  airlines  say  they  never  want  to 
return  to  propeller-driven  aircraft.  One  is  a  fact  and  the  other  is 
an  objective  conclusion,  and  we  are  searching  for  some  way  to  define 
right  now  for  the  airlines  whether  propeller-driven  aircraft  would 
really  prevent  passenger  use  the  way  they  say.  For  that  reason  they 
have  pressed  us  to  accelerate  the  development  of  jet  STOL  very 
rapidly,  so  they  can  maintain  the  long  overhaul  periods  and  the  ease 
of  operating  jet  aircraft. 

The  choice  between  the  various  V/BTOL  aircraft  modes  is  depend¬ 
ent  very  much  on  whether  you  expect  to  see  a  city  acceptance  of  this 
or  whether  it  is  going  to  operate  on  more  outlying  districts.  And  this 
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is  tlw  kind  of  a  question  tbat  needs  yet  to  be  answered  by  loi^r  dis- 
‘  cussions  with  sucn  groups  as  the  New  York  Port  Authority,  in  order 

for  us  to  define  where  we  should  most  emphasize  the  technolo^. 

Mr.  Hschusr.  I  recall  about  30  years  ago  a  hearing  of  the  Senate 
Appropriations  Committee  being  chaired  by  Senator  McEellar  of 
ThiwesseeL  and  the  witness  was  the  Director  of  the  Bureau  of  the 
Budget,  Harold  Smith,  and  Senator  McKeUar  asked  him  “How  many 
positions  do  you  have  in  the  Bureau  of  the  Budgrt  that  are  devoted  to 
research?”  And  ve^  quickly  the  Director  of  the  Bureau  of  the  Budget 
answered  “None.”  Senator  McEellar  smiled  triuii^hantly  as  though 
he  had  kil'led  some  particular  snake,  and  he  said  “Good.  Good.  Thank 
you.” 

Now  I  wonder  how  much  the  activity  of  NASA  is  really  devoted 
not  so  much  to  examining  particular  power  systems  or  machines  or 
types  of  aircraft,  but  is  really  devoted  to  planning  and  forecasting 
requirements,  in  other  words,  thinking?  I  might  say  that  my  attitude 
is  somewhat  different  from  Senator  McEellar  on  this.  So  I  would 
hope  you  don’t  say  triumphantly  that  you  have  nobody  who  devotes 
his  time  to  thinking. 

On  page  12  of  your  statement,  where  you  answer  this  question,  1 
notice  that  you  mentioned  that  DOD  brings  NASA  into  its  aero¬ 
nautical  syrtem  p^urement  and  planning  at  an  early  stage,  and 
NASA  ad^  DCw  to  examine  proposed  new  system  ]^uirements. 
Well,  this  is  military  ? 

Mr.  Harper.  Yes. 

Mr.  Hechler.  I  assume  DOT  would  do  this  on  the  civilian  side. 
But  does  this  merely  mean  that  NASA  with  respect  to  both  military 
and  civilian  responds  to  outside  agency  requests,  or  how  much  of  your 
activity  rei^y  is  devoted  to  forecasting  and  planning  requirements  in 
this  ve^  critical  area  of  aeronautics  ? 

Mr.  Harper.  A  considerable  amount  of  our  activity  relates  to  this 
in  various  degrees.  The  Mission  Analysis  Division  of  OART,  which 
is  at  the  Ames  Research  Center,  spends  all  of  its  time  on  this  forecast¬ 
ing  of  requirements,  and  there  are  about  15  people  attached  to  the 
aeronautics  side  of  this.  They  are  doing  to  a  degree,  a  small  degree, 
the  sort  of  study  that  DOT  should  be  carrying  out.  And  this  was 
instigated  several  years  ago  when  we  realized  we  began  to  need  some 
direction  for  our  twhnology  efforts,  rather  than  just  the  interests  of 
a  scientist.  When  our  Center  people  propose  a  new  technology  pro- 

E,  we  now  ask  them  to  go  beyond  the  physical  sciences  in  iusti- 
the  program.  It  has  to  be  more  than  something  you  can  do.  It 
to  he  something  of  value  when  you  have  done  it.  This  is  a 
ratoer  new  field  for  scientific  people  to  indulge  in  and  yet  I  think 
it  is  very  good  and  educational  for  them.  We  ask  them  to  look  at  its 
impact,  to  the  e^nt  they  can,  on  an  air  transportation  link.  They 
have  to  consider  its  impart  on  a  conununity  in  which  it  will  operate, 
for  example,  we  ask  our  scientists  to  project  for  us  what  this  will  do 
to  the  noise  problem.  So  I  think  there  are  very  few  of  our  people, 
except  some  of  the  most  basic  research  groups,  that  are  not  now  giving 
consideration  to  the  implications  of  the  research  they  are  doing,  in 
1  either  a  civil  or  a  military  sense,  much  more  so  than  we  did  in  the 

past. 

Mr,  HechiiER.  Mr.  Fulton,  we  are  pleased  to  have  you  with  us.  Do 
you  have  any  questions  you  would  like  to  pose  ? 

I 

I 


i 
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Mr.  FxTiiTON.  I  am  glad  to  be  here. 

My  que^ioa  is  on  the  effect  of  the  so-called  Mansfield  amendment 
tlut  requires  the  Department  of  Defense  only  to  do  research  of  a 
militarv  programmatic  or  military-connected  nature.  Hare  you  been 
in  touch  with  the  Department  of  Defense  on  picking  up  this  kind  of 
basic  or  not  indirectly  militaiy -conducted  research  ?  What  is  the  situa¬ 
tion?  What  are  you  planning  ahead  on  that?  Are  you  going  to  sit  and 
let  this  research  all  to  by  the  board  or  are  you  going  to  try  to  move  in 
and  fill  a  gap  whi^  certainly  will  exist  in  basic  and  even  general 
applied  research  in  this  country  ? 

Mr.  HABPiat  Our  most  specific  effort,  Mr.  Fulton,  in  connection 
with  that  has  been  a  very  intensive  and  continuing  review  with  the 
tliree  service  of  their  R.  &  D.  programs,  through  which  we  are  t^- 
ing  to  identify  those  that  are  sufficiently  far  removed  from  direct  mili¬ 
tary  application  but  have  that  sort  of  implication  in  the  long  run, 
that  could  be  absorbed  into  NASA’s  program  or  NASA  could  join 
with  the  services  to  conduct  some  of  this  work. 

Mr.  FtJLTON.  Could  I  just  say  to  the  chairman  if  a  statement  were 
presented  I  think  it  womd  be  good  for  the  record,  rather  than  have 
the  detail  given  here.  Secondly  I  want  it  more  in  relation  to  the  earth¬ 
quake  '^at  the  Mansfield  amendment  has  caused  on  the  shift  of  re¬ 
search  in  the  Department  of  Defense. 

Where  is  it  going?  It  isn’t  just  as  though  you  have  been  dealing 
casually.  I  want  to  see  the  result  of  this  tidal  wave  and  this  earth¬ 
quake.  As  you  know,  the  President’s  science  adviser  thinks  it  is  a 
tragedy  that  such  a  strict  amendment  has  been  put  in. 

Mr.  Hakper.  Yes,  we  can  supply  that  for  the  record. 

Mr.  Fulton.  Thank  you,  Mr.  Chairman. 

(The  information  is  as  follows :) 

In  fonnolatlng  NASA’s  basic  research  programs  in  aeronautics  and  space,  we 
have  given  close  attention  to  the  basic  research  activities  of  DOD  to  assure  that 
where  we  have  common  interests  our  efforts  are  complementary  and  not  dupli¬ 
cative.  We  have  contacted  ai^ropriate  DOD  officials  specifically  with  regard 
to  Section  203,  and  if,  in  the  review  of  DOD’s  basic  research  activities,  it  is  de¬ 
termined  that  Section  203  would  proscribe  DOD  programs  directly  relevant  to 
NASA’s  programs,  we  will  make  every  effort  within  the  resources  available  to 
assume  support  of  such  activities. 

Mr.  Hechler.  Thank  you,  Mr.  Fulton. 

We  will  also  pursue  tnat  question  with  the  Department  of  Defense 
witnesses  that  appear  before  this  committee  later  this  week. 

Mr.  Fui.ton.  There  is  one  other  point  on  the  future.  May  I  ask  one, 
Mr.  Chairman? 

Mr.  Hechleb.  Mr.  Fulton. 

Mr.  Fulton.  The  Air  Force,  of  course,  has  moved  out  of  the  space 
business  as  such,  which  is  what  they  should  have  done  long  since.  In 
moving  out  there  has  been  a  transfer  of  astronauts  to  NASA.  I  had 
been  thinki^  that,  on  projection,  there  are  already  too  many  astro¬ 
nauts  in  NASA,  considering  the  budget  cut  to  the  level  on  which  NASA 
is  now  operating  on  manned  space  flight. 

(The  additional  material  submitted  is  as  follows;) 

The  basic  organisational  structure  of  the  Astronaut  Office  is  by  filghts  with 
permanent  assignment  of  astronauts  to  these  filghts.  Flights  A,  B,  and  C  are 
mainline  Apollo  crews.  The  fourth  flight  contains  all  AAP  personnel.  All  pet^ 
sonnel  are  in  training  for  future  flights. 
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The  training  period  for  an  astronaut  extends  over  several  years,  particularly 
with  the  Increased  complexity  of  future  missions  because  of  the  Increased  ex¬ 
periments  and  aM>llcatlon8  demands.  Depending  on  how  future  programs  evolve 
In  the  AAP  and  post-AAP  mission  period,  these  assignments  can  be  reevaluated. 
The  following  alphabetical  roster  Indicates  duty  assignments : 


AeUw  NASA  Astrontirts  FKiht 


Craw  issiinmant 


C«l  Edwl*  E  AMrin,  Jr . FIMit  A . 

Dr.  JoMrt  P.  Allan . AAP . 

Nail  A.  Armstrant . Chief.  FH«ht  A... . 

Capt  Alan  L  Baan . Fliiht  A . 

MaJ.  Karol  J.  Bohko . Complatint  studiaa.  Univarsity  of  Cati- 


Vaneo  D.  Brand . Fiifht  A . 

Lt  Col  GmM  P.  Carr . do . 

Conidr.  EuMna  A.  Catnan . Flliht  B . - . 

Dr.  Philip  R.  Chapnun . AAP . 

Col  MUiatl  Colhna . Fli^  A . . . 

Capt  Charfas  Conrad . Flight  B . 

Col  L  Gordon  Cooper.  Jr . Assistant  for  Space  Shuttle  Program . 

Lt  Coffldr.  Robert  L  Crippen . . . AAP . . 

Waltar  Cunningham .  Chief,  AAP  Flight . . . . , 

Maj.  Charles  M.  Duke . Fli^t  B . 

It  Col  Donn  Gsele . Section  Chief.  AAP. . 

Dr.  Anthony  W.  En^nd . AAP . 

Lt  CoL  Joe  H.  EnfleT. . Fli^  B . 

Lt  Coffldr.  Ronald  t  Evans . do..  . 

Maj.  Charias G.  Fullerton . AAP . . 

Dr.  Owen  K.  Garriott . Section  Chief.  AAP. . 

Dr.  Edward  0.  Gibson . AAP . 

Capt  Richard  F.  Gordon .  FH^t  A . 

Fred  W.  Haise . Flight  C . 

Maj.  Henry  W.  Hartsfiald . Completing  studies,  Univanihot  Tannes- 

Dr.  Karl  G.  Hanha . AA*P^. . 

Dr.  Donald  L  Hohnquest . AAP . 

Lt  CoL  James  B.  Irwin . FIMt  B . 

Coffldr.  Joseph  P.  Kerwin . AAP . 

Dr.  William  B.  Unoir . AAP . 

Dr.  Don  L  Und . AAP . 

Maj.  Jack  R.  Lousma .  FliMC . 

Ca^  James  A.  Lovell . Chief,  Flight  C . 

Lt  Comdr.  Thomas  K.  Mattingly  II . Flight  C . 

Lt  Cmdr.  Bruce  McCandless  11 . AAP . 

Comdr.  Edgar  D.  Mitchell . Flirtt  B . 

Dr.  F.  Story  Musgrave . AAP . 

Maj.  Itotort  F.  Overmyer . AAP . 

Dr.  Robert  A.  Parker . AAP . 

Maj.  Donald  H.  Paterson . Completing  studies.  University  of  Tan- 


Lt  CoL  WilHam  R.  Pogue . Flight  C . 

Maj.  Stuart  A.  Roosa . Flight  B . 

Dr.  Harrison  H.  Schmitt . Flight  C . 

Russon  L  Schweickart .  AAP . 

Col.  David  R.  Scott . Flight  B . 

Capt  Alan  B.  Shepard,  Jr . Astronaut  OIBco . 

Col.  Thomas  P.  Stafford . Chief.  Astronaut  Office . 

John  L  Swigert . Flight  C . 

Dr.  William  E.  Thornton . . Will  com^ta  (rilot  training  in  April  1970. 

Lt  Comdr.  Ricbard  H.  Truly . :.AP . 

Comdr.  Paul  J.  Waltz . Flight  A . . . 

Maj.  Alfred  M.  Worden . do . 

Comdr.  John  W.  Young . Chial.  FlWt  B .  . 


Prime  on  XL 
Do. 

Prime  on  Xll. 


Support  XIII. 
Support  Xll. 
BaMup  on  XIV. 

Prime  on  XL 
Prime  on  Xll. 


Backup  on  Xlll. 


Backup  on  XIV. 
Do. 

Support  on  XIV. 

Support  Xll. 
Prime  on  Xll. 
Prime  on  Xlll. 


Backup  on  Xll. 


Support  on  Xlll. 
Prime  on  Xlll. 
Do. 

Support  on  XtV. 
Prime  on  XIV. 


Support  on  XIV. 
Prima  on  XIV. 


Backup  on  Xll. 
Commander,  Apollo  U. 

Backup  on  Xlll. 


Backup  on  Xll. 
Backup  on  Xlll. 


Have  you  made  any  projection  on  the  use  of  astronauts?  No.  1,  it  is 
unfair  to  the  taxpayer  to  keep  them  on  if  there  is  no  earthly  use  for 
them.  Secondly,  it  is  unfair  to  the  astronauts  to  keep  them  on  because 
we  are  blighting  careers  by  keeping  them  in  a  fishbowl,  doing  nothing 
except  swim  around  and  eating  Pablum. 

Now  tins  certainly  should  w  one  of  NASA’s  chief  concerns  at  the 
present  time.  With  the  tremendous  increase  in  reliability,  we,  there¬ 
fore,  don’t  have  the  flights  that  we  expected. 

The  other  point  almut  it  is — and  I  would  like  you  to  answer  this 
here  by  a  statem^t. 
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Now  what  have  you  done  about  putting  woman  in  space?  When  is 
our  first  woman  astronaut,  with  all  your  brain  team  down  there,  going 
to  go  up  ? 

Mr.  Hechler.  You  are  asking  Mr.  Harper  to  answer  that? 

Mr.  Fulton.  He  is  part  of  the  brain  team  and  he  may  be  able  to  give 
us  some  enlightenment.  He  is  projecting.  I  am  extrapolating  a  little 
bit  and  pretty  much  postulating. 

Mr.  Hechler.  We  had  Dr.  Paine  before  the  committee  earlier.  It 
would  be  more  appropriate  for  him  to  answer. 

Mr.  Fulton.  I  thought  the  brain  team  might  be  better,  because  we 
already  asked  Dr.  Paine  about  this  and  he  sidestepped  this. 

Mr.  Hechler.  There  are  many  brains  here. 

Mr.  Fulton.  Dr.  Paine  has  a  very  good  abUit}?  not  to  answer  di¬ 
rectly.  I  am  moving  down  the  ladder  and  I  am  talking  about  the  brain 
team  here. 

Mr.  Hechler.  The  Chair  won’t  dispute  any  further  and  give  an 
opportunity  for  Mr.  Harper  to  say  whatever  he  wants  to. 

Mr.  Harper.  Mr.  Fulton,  I  am  afraid  I  will  have  to  defer  that  ques¬ 
tion  to  Dr.  Paine. 

Mr.  Fulton.  I  am  right  back  where  I  started  from. 

Mr.  Harper.  I  am  afraid  my  authority  doesn’t  extend  out  of  the 
atmosphere  lO  discuss  NASA  plans. 

Mr.  Fulton.  W?U,  if  we  are  going  to  treat  this  particular  subject 
as  separately,  are  we  jurt  going  to  be  compartmentising  the  atmos¬ 
phere  and  then  space '  Are  we  going  to  be  drawing  you  fellows  all  to¬ 
gether  in  NASA?  I  may  be  wrong,  but  I  thought  this  was  going  to  be 
a  general  pointing  of  how  you  fitted  into  NASA.  But  I  thought  you 
were  a  good  target,  I  must  say.  That  is  all,  Mr.  Chairman. 

Mr.  Hechler.  Mr.  Harper,  do  you  know  what  the  budget  of  NACA 
was  the  last  full  year  they  were  in  operation  ? 

Mr.  Harper.  I  believe  it  was  about  $50  million.  I  am  not  sure  I  have 
the  exact  figure. 

Mr.  Hechler.  I  didn’t  hear. 

Mr.  Harper.  The  nearest  figure  for  this,  Mr.  Hechler,  is  about  $55 
million,  the  total  aeronautics-related  biidgrt  of  NACA. 

Mr.  Hechler.  This  is  only  aeronautics ;  is  that  correct  ? 

Mr.  Harper.  Yes. 

Mr.  Hechler.  Then  there  was  a  great  deal  of  additional  amount 
not  dealing  with  aeronautics? 

Mr.  Harper.  There  was  some,  but  I  don’t  know  the  total  number. 
We  have  extracted  out  the  aeronautics  part  of  it,  which  was  the  largest. 

Mr.  Hechler.  Do  you  think  the  criticisra  is  fair  that  NASA  is  not 
doing  as  much  proportionately  as  NACA  did  ?  This  criticism  is  fre¬ 
quently  leveled  at  NASA. 

Mr.  Harper.  If  you  judge  against - 

Mr.  Hechler.  Considering  inflation,  also,  while  you  are  answering. 

Mr.  Harper.  Yes ;  of  course.  If  you  compare  total  efforts,  we  are  now 
at  about  the  same  level  we  were  in  people  and  dollars  placed  on  R.  &  D. 
as  we  were  at  the  end  of  the  NACA  ^riod.  It  is  quite  a  difference  in 
absolute  dollars,  but  if  you  adjust  this  for  inflation,  it  is  about  the 
same  level  of  effort  in  dollars  and  above  the  same  number  of  people. 

Mr.  Hechler.  Then  I  would  say  we  are  far  behind,  because  the 
problems  have  not  stood  still. 


134 


Mr.  Hasper.  Yes.  The  difiSculty  I  think  steins  from  the  point  you 
just  made  as  well  as  a  period  earlier  in  NASA’s  history,  when  with  the 
national  space  commitments  and  with  the  resources  that  were  available 
and  with  the  talent  that  was  available  there  was  no  option  but  to  use 
much  of  the  old  aeronautics  activity  to  initiate  the  space  program. 

Now  it  has  grown  back  to  about  that  same  level  in  true  effectiveness, 
but  as  you  pointed  out  it  is  a  much  broader  field  of  problems  that  we 
have  to  face  now. 

Mr.  Fulton.  Mr.  Chairman,  I  was  on  the  committee  then.  I  believe 
the  last  year  of  NACA  appropriation  they  had  $60  million  for 
aeronautical  research,  and  men  about  $^  million  was  added  on  for 
space  to  begin,  by  supplemental  appropriation,  and  then  the  first  real 
space  budget  fiscal  year  1960  under  NASA  was  $523.6  million. 

So  the  chairman  is  right  in  inquiring  if  it  has  slipped  badly. 

Mr.  Hechler.  This  is  the  point  I  was  concluding,  that  in  comparison 
to  the  emphasis  by  NACA  put  with  relation  to  the  total  problem  at 
that  time,  NASA  is  devoting  an  inferior  effort  to  aeronautics. 

Mr.  Harpeb.  Perhaps  a  lesser  effort.  We  recognize  it  as  a  good  ef¬ 
fort,  although  perhaps  limited. 

Perhaps  it  is  fairer,  however,  to  separate  the  research  and  technology 
program  of  NASA  from  the  operational  activity.  The  space  program 
certainly  represents  tremendous  expaiditures  in  obtaining  operatii^ 
hardware,  operating  systems,  that  don’t  really  represent  research  in 
the  sense  we  are  talking  about  it  in  aeronautics  or  in  the  Office  of  Ad¬ 
vanced  Research  and  Technology,  for  that  matter,  in  the  space  research 
area.  The  costs  of  operating  the  system  are  obviously  very,  very  high 
and  it  is  not  quite  fair  I  think  to  compare  this  against  a  research  effort. 

Mr.  Hechler.  All  right.  This  will  be  my  final  question.  I  will  give 
you  an  opportunity  to  define  what  needs  to  be  done.  What  really  needs 
to  be  done  in  this  Nation  in  order  to  put  more  emphasis  on  aeronautics, 
which  all  of  us  realize  is  necessary  ? 

Mr.  Harper.  Perhaps  I  should  say  first  if  I  had  an  answer  to  that 
we  would  have  had  more  emphasis  on  aeronautics  up  to  this  point. 

Mr.  Hechler.  In  your  answer,  you  are  not  limited  by  funding  or  you 
are  not  limited  by  clearances.  You  have  an  open-ended  opportunity 
now.  I  have  served  you  up  a  very  soft  pitch  and  you  have  an  oppor¬ 
tunity  to  give  it  a  clout. 

Mr.  Fulton.  Remember  Mr.  Fitzgerald,  though.  [Laughter.] 

Mr.  Harper.  I  think  the  start  toward  solving  these  problems  is 
being  taken,  Mr.  Hechler.  One,  a  critical  limitation  in  the  past  has 
been  the  number  of  people  in  our  research  centers  that  have  been 
demanded  of  the  space  program  and  were  taken  from  aeronautics  to 
solve  space  problems,  space  technical  problems.  We  have  now  the 
interest  of  our  center  directors  raised  to  a  much  higher  degree  in  the 
problems  of  aeronautics.  This  is  where  the  greater  increase  in  aeronau¬ 
tical  personnel  has  come  recently,  transferred  back  from  the  space 
research  into  aeronautics.  At  Lewis  Research  Center  alone,  which 
went  entirely  out  of  air-breathing  propulsion,  we  have  about  250  engi¬ 
neers  back  in  aeronautical  research. 

We  have  pointed  out,  both  Dr.  Paine  and  I  have  pointy  out,  I  think 
Mr.  Lundin  did  last  year,  that  a  very  serious  limitation  is  the  inability 
to  bring  younger  engineers  into  the  program.  The  sophistication  of 
the  technology  is  much  higher  than  it  was  in  the  days  of  NACA  and 
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the  training  we  received — nr^self  received — in  college  then  is  simply 
not  adequate  to  meet  the  scientific  depths  required  to  understand  these 
{mbleins  today.  I  don’t  have  a  solution  to  that  problem.  You  recognize 
toe  limitations  in  NASA’s  personnel  ceiling  that  have  prevented  an 
increase  m  new  personnel.  This  is  one  of  the  prime  objectives  of  this 
new  agreement  with  the  Army,  in  which  NASA  will  have  the  freedom 
to  iwruit  new  college  graduates  against  Army  positicais  assigned  to 
NASA,  and  we  will  direct  them,  their  technical  activities,  in  areas  of 
mutual  interest  to  the  Army  and  NASA,  of  which  there  are  many.  This 
IS  one  attempt  to  solve  this  problem. 

.Amother  point,  of  course,  that  we  have  discussed  at  length  is  that  of 
having  the  decision  made  that  NASA  should  carry  this  advanced  re¬ 
search  thro^h  applied  technology  and  to  the  very  early  stages  of  de¬ 
velopment.  This  has  not  been  a  clearly  accepted  policy  on  a  broad  scale, 
although  there  are  several  instances  of  this  being  done. 

For  example,  you  recall  in  the  discussions  of  the  noise  program, 
the  question  whrther  NASA  should  undertake  tW  extension  of  its 
advanced  research  to  demonstrate  with  Boeing  &  Douglas  the  eflfec- 
tiveness  of  awustic  treatment  of  nacelles,  whether  it  should  undertake 
the  very  limited  development  of  a  research  engine  that  would  let  us 
study  new  principles  of  noi^  reduction  at  the  source.  I  think  a  defini¬ 
tion  of  the  role  of  NASA  in  this  area  would  do  much  to  accelerate 
aeronautical  advancements. 

Now  this  ^dy  that  we  keep  referring  to,  the  NASA-DOT  study, 
should  identify  the  real  value  of  letting  NASA  do  such  work,  if  there 
IS  real  value  in  it,  or  whether  it  should  be  left  to  the  industry.  The  de¬ 
cision  along  that  line  I  think  would  accelerate  many  of  the  develop¬ 
ments  that  you  are  speaking  of. 

The  dollar  limitation  is  not  so  serious.  It  is  important,  but  the  work 
of  real  value  from  NASA  in  the  aeronautics  program  comes  from  in- 
house  work,  in-house  research,  not  research  that  we  purchase  through 
industry. 

Mr.  BObchler.  Well,  is  there  anything  else  outside  of  NASA  that 
could  or  should  be  done  in  order  to  focus  more  attention  on  aeronau¬ 
tics  in  the  Nation  ? 

Mr.  Hasfer.  I  am  afraid,  Mr.  Hechler,  I  can’t  think  of  anything 
tl^  we  are  not  trying  to  do  at  the  moment.  The  coupling  of  our  wore 
with  all  the  other  agencies  involved  certainty  will  be  a  major  step 
forward.  This  can’t  be  done  overnight  since  I  guess  you  must  recog¬ 
nize  you  are  flying  in  the  face  of  bureaucracy  when  you  try  to  couple 
two  agencies  very  closely.  But  it  can  and  will  be  done.  Dr.  Foster  in 
DOD  is  very  inps^t  on  this.  Mr.  Beggs  because  of  his  experience  in 
N.^A  is  very  ^istent  on  this  being  accomplitoed.  We  will  accom¬ 
plish  it  ^d  I  think  it  will  serve  to  accelerate  developmmts  much  more 
rapidly  if  they  are  done  in  this  joint  way. 

Mr.  Hi:CHi4ER.  I  am  in  favor  of  and  will  support  anybody  who  flies 
m  the  face  of  timid  bureaucracy,  and  I  hope  you  utilize  some  of  your 
most  updated  aeronautical  techniques  in  making  those  flights. 

Any  further  questions  by  members  of  the  subcommittee? 

(No  response.) 

Mr.  HEOHnER.  Or  the  full  committee? 

If  not - 


Mr.  Fulton.  Might  I  explain  the  point  I  was  tryli^  to  make?  If 
these  astronauts  are  not  to  he  used  in  space,  the  question  then  comes 
where  can  we  use  them  ?  If  they  can’t  be  used  on  aeronautical  research, 
since  they  are  former  jet  test  pilots,  because  they  are  not  satisfactory, 
then  I  think  you  have  a  problem  of  what  is  their  future,  and  this  is 
where  you  come  in.  Thank  you,  Mr.  Chairman. 

Mr.  Heghles.  Thank  you,  Mr.  Fulton. 

We  are  going  to  start  at  9  a.m.  tomorrow  with  testimony  by  Mr. 
Lundin,  director  of  the  Lewis  Research  Center,  followed  by  testimony 
by  Dr.  H.  Guyford  Stever  and  Dr.  Raymond  L.  Bisplinghoff. 

If  there  is  no  further  business  before  the  subcommittee,  we  stand 
adjourned  until  9  a.m.  tomorrow. 

(Whereupon,  at  this  time  the  committee  adjourned,  to  reconvene  at 
9  a.m.,  on  Tuesday,  December  9, 1969. ) 

(Additional  questions  and  answers  and  material  for  the  record 
is  as  follows:) 

Queation  Ha)  In  19ST,  the  last  year  that  appropriations  were  made  for  UACA, 
that  agency  received  $111^6^09.  This  year  NASA  received  $180,000,000  which 
is  within  the  same  general  funding  areas.  In  view  of  the  effect  of  inflation  during 
the  past  19  years,  this  would  suggest  that  NASA’s  support  of  aeronautical  research 
has  groton  little,  if  any,  since  NACA  days.  Do  you  agreet 

Answer.  Of  the  total  funding  appropriated  for  NACA  in  1957,  an  analysis 
shows  that  approximately  $60M  of  these  resources  were  directed  specifically 
at  aeronautics  research;  the  other  support  was  directed  at  missile  and  space- 
related  research.  Thus,  the  |186  million  level  for  FY  1970  represents  a  significant 
increase  in  NASA  aeronautics-relabed  research. 

Question  1(b)  Do  you  believe  that  the  NASA  research  effort  is  now  sufficient 
to  keep  the  nation  predominant  in  the  aeronautical  field  t 

Answer.  NASA  aeronautics  research  alone  cannot  keep  the  nation  predominant 
in  aeronautics.  It  will  take  a  joint  effort  on  the  part  of  several  agencies  as  well 
as  industry  to  accomplish  this.  NASA  is  steadily  increasing  its  effort  in  basic 
research  where  its  primary  responsibility  lies;  in  research  beyond  this  NASA 
is  working  closely  with  other  agencies  to  resolve  the  mutual  degrees  of  respon¬ 
sibility. 

Question.  1(c)  One  witness  testified  that  initially  a  40  percent  increase  (ap- 
prowimately  $70  million)  in  NASA’s  aeronautical  research  program  would  be 
required  to  provide  a  desirable  level  of  research.  How  do  you  view  this  esti¬ 
mate  and  what  do  you  think  of  the  prospects  of  NASA  providing  additional 
funds  in  the  future  f 

Answer.  In  the  coming  years  some  increase  in  funding  for  the  NASA  aero¬ 
nautical  research  program  will  probably  be  required,  but  the  exact  amount  is 
difficult  to  estimate  at  any  point  in  time.  An  increase  of  approximately  $70 
million  would  supiiort  some  additional  proof-of-concept  projects,  and  if  such 
additional  funding  were  made  available,  these  would  need  to  be  selected  jointly 
with  other  government  agencies. 

Question.  2.  In  testimony  witnesses  hove  stated  that  on  some  new  aircraft 
development  basic  aeronautical  data  were  not  available.  For  example,  aero¬ 
dynamic  characteristics  of  six  percent  thickness  airfoils,  and  on  basic  V/STOL 
information.  Historically,  NASA  has  been  foremost  in  providing  these  types  of 
data. 

(a)  Would  you  comment  on  why  and  to  what  degree  NASA  has  not  been  able 
to  supply  these  data? 

Answer.  Aircraft  technology  is  now  so  wide  in  scope  that  it  is  impractical 
to  attempt  to  cover  all  areas  in  the  depth  required  to  provide  data  for  specific 
aircraft  design.  NASA  attempts  to  forecast  those  elements  of  technology  nearest 
application  and  provide  greater  depth  in  advance.  A  particular  effort  is  being 
made  to  assure  NASA  a  longer  lead  time  so  that  its  program  can  be  adjusted 
in  advance  of  decisions  to  provide  the  data  necessary.  In  many  instances  this 
has  been  done ;  for  example,  NASA  has  provided  FAA  and  industry  with  a  good 
base  of  data  on  whicdi  to  consider  development  of  STOL  aircraft. 

Question.  2(b)  The  Committee  has  been  told  that  internationally,  the  United 
States  is  gradually  losing  ground  to  our  foreign  competitors,  primarily  because 
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of  a  lack  of  an  aggroMoiee  retearok  bate  normaUg  tuppUed  by  the  government. 
How  do  yon  view  thit  eituationf 

Answer.  Both  Uie  quantity  and  quality  of  foreign  competition  in  civil  and 
military  aircraft  are  increasing  noticeably.  Where  the  U.S.  held  an  unquestioned 
lead  a  tew  years  ago  in  both  neids,  foreign  competition  has  made  a  substantial 
entrance  into  some  helds,  sudi  as  a  small  short-haul  passenger  and  cargo  aircraft 
and  small  military  fighter  aircraft,  and  has  placed  in  competition  or  has  under 
development  a  number  of  highly  competitive  large  transports.  This  is  particu¬ 
larly  true  of  Soviet  aircraft,  which  a  few  years  ago  resembled  an  earlier  genera¬ 
tion  of  U.S.  aircraft  but  today  are  extremely  competitive.  While  these  presently 
lack  a  world-wide  support  system,  a^xirently  this  gap  is  the  focus  of  a  con¬ 
siderable  effort  to  close.  Taking  the  European  community  as  a  whole  and  assess¬ 
ing  available  informatikin  as  to  Soviet  activity,  it  must  be  concluded  that  both 
are  pursuing  now  an  aggressive  aeronautics  K&D  program  making  available  new 
technology  at  a  pace  comparable  to  the  U.S. 

This  is  in  substantial  contrast  to  the  situation  of  five  to  ten  years  ago.  Perhaps 
the  most  si^oificant  point  is  the  policy,  being  pursued  by  both  Europeans  and 
Soviets,  of  converting  new  technology  into  prototype  or  experimental  systems. 
They  have  produced  a  surprising  number  of  new  experimental  engines  and 
airframes  which  have  served  to  focus  research  in  a  way  leading  to  rapid  solution 
of  problems  and  later  production  of  highly  successful  aircraft.  Activity  in  this 
phase  has  been  noticeably  higher  than  in  the  U.S.  and  has  led  to  small  quantity 
production  of  several  very  promising  types  (“Harrier”  VTOIi,  Breguet  941  for 
example)  which  promise  the  U.S.  intensive  competition  in  the  near  future  as 
the  operational  value  becomes  demonstrated. 

Question  3.  Witnesses  have  testified  that  foreign  competitors  are  taking  more 
aircraft  designs  to  prototype  development,  whereas  the  United  States  is  falling 
short  in  not  doing  so.  Do  you  think  that  this  is  a  logical  funding  area  for  NASA, 
particularly  in  view  of  apparent  future  de-emphasis  in  DODt 

Answer.  As  Indicated  in  the  answer  to  question  2(b),  foreign  nations  have 
accelerated  their  prototype  activity,  which  is  a  principal  method  of  closing  the 
gap  between  new  technology  development  and  application  of  this  technology  to 
operational  system.  Without  this  activity  the  transfer  of  new  technology  to 
operation  is  much  slower.  Whether  NASA  or  another  agency  should  carry  out 
or  be  responsible  for  these  activities  depends  on  the  principal  objective  of  a 
prototype  program. 

Where  the  objective  is  to  complete  assessment  of  a  new  technology,  that  is, 
to  obtain  that  knowledge  which  can  be  found  only  through  limited  operation  or 
to  uncover  the  "unknown-unknowns,”  it  would  be  appropriate  for  NASA  to  take 
the  initiative  us  it  is  necessary,  in  many  instances,  to  complete  its  mission. 
Prototypes  which  are  developed  to  near-production  refinement  for  purposes  of 
determining  readines  for  production,  or  compatability  with  established  systems 
(airports,  airways,  logistics,  etc.)  would  be  best  bandied  by  an  agency  responsible 
for  final  operation  (DOT  or  DOD).  Between  these  two  extemes  lie  cases 
where  both  objectives  can  be  served ;  these  should  be  bandied  on  a  joint  agency 
basis.  It  is  difficult,  therefore,  to  generalize  on  specific  agency  responsibilities 
on  other  than  a  case-by-case  basis.  It  is  Important  in  national  rationale,  however, 
that  care  be  taken  to  assure  the  activity  be  pursued  at  a  proper  level  and  not  be 
overlooked  simply  because  an  over-all  assignment  of  responsibility  cannot  be  met. 

Question  4.  Testimony  has  revealed  that  DOT  is  the  department  with  prime 
leadership  responsibility  for  aviation  in  the  executive  branch,  yet  they  are  not  a 
member  of  the  Aeronautics  and  Space  Council.  Do  you  believe  that  membership 
for  DOT  is  desirableT 

Answer.  In  a  consideration  of  aviation  matters  by  the  National  Aeronautics 
and  Space  Council,  participation  by  DOT  would  be  useful  in  our  view.  Because 
of  the  membership  of  the  National  Aeronautics  and  Space  Council  Involves  the 
organization  of  the  Executive  Office  of  the  President  we  would  defer  to  this  Office 
on  the  question  of  whether  formal  membership  of  DOT  on  the  Council  is  desirable. 

Question  5.  The  Aeronautics  and  Space  Engineering  Board  of  the  National 
Academy  of  Engineering  published  tn  December  1968  the  results  of  their  study  on 
various  subjects  in  the  aviation  field. 

( a )  What  value  have  these  studies  been  to  NAS  AT 

Answer.  A  primary  value  of  the  ASEB  study  to  NASA  was  an  independent 
assessment  of  the  aviation  problems  facing  the  country.  This  provided  the  <^por- 
tunlty  to  provide  an  unbiased  framework  against  which  to  judge  NASA  program 
cemtent. 


138 


(b)  What  acHtmu  have ocimrredMmreiuU  of  the»e»tn4ietr 

Aunrer.  To  a  Uunse  degree  NASA's  program  was  tonnd  to  be  re^tonsive  to  tbe 
ASBB  rectHiuneii^tlaiis  and  some  shift  In  emphasis  was  made  to  bring  greater 
conformity.  Some  new  research  aetivlttes  were  added  and  a  few  dC'emphasised  or 
dlsccmtinned.  As  Dr.  Stever  noted  in  his  testimony  given  during  these  hearlnge, 
of  the  100  recommendations  made  by  the  ASEB,  SI  rriated  to  NASA  programs. 
Of  this  group  of  81,  NASA  bad  responded  to  all  but  16;  no  response  could  be 
made  to  the  16  because  of  either  unavailability  of  appropriate  tecfaiaical  personnel 
or  of  fnndn 

Qaettioa  6.  Prior  tettinumy  before  thie  Committee  hat  alwaya  indicated  that 
loe  need  more  money  for  reteareh,  better  cooperation  between  ayeneiet  and  more 
time  to  tolve  problemt.  Pet  each  year  we  get  about  the  tame  requeat  for  funda 
from  NASA,  we  teem  to  have  the  aame  problems  of  too  much  traffic,  increatcd 
delayt  in  aviation  tranaportation.  What  do  you  foreaee  at  the  budgeting  trend  in 
NASAr 

Answer  1.  Since  1982  the  total  NASA  aeronautics  effort  has  Increased  steadily, 
rising  from  |44M  in  *62  to  I186.6M  in  *70;  even  allowing  for  a  loss  in  dollar  value, 
this  represents  a  significant  Increase.  Without  question,  the  related  problems 
have  increased  in  magnitude  and  sc<H;>e  more  rapidly.  Although  a  continued 
growth  in  NASA’s  aeronauttcs  eff<Mt  is  expected,  a  Joint  effort  on  the  part  of 
several  agencies  and  industry  wiU  be  required  to  effectively  attack  the  evident 
problems.  The  exact  nature  of  NASA’s  requlremMito  to  meet  its  share  of  respon- 
slMlities  is  the  subject  of  continuing  discussions  between  the  agencies.  A  true 
assessment  of  the  effort  toward  solution  of  aviation  problems  must  include  the 
activities  of  each  of  these  agencies. 

Queation  7.  In  what  priority  do  you  place  the  problemt  in  aviationt 

Answer.  (A)  Continued  Improvement  of  subsonic  Jet  transport  aircraft  and 
its  systems  to  meet  rapidly  increasing  demands — 

(a)  Improve  air  traffic  control  syston  to  relieve  congestion  and  increase 
safety  margins. 

(b)  Improve  airport  and  terminal  area  operation;  increase  ease  of  air¬ 
craft  hanWng  and  reduce  landing  speeds. 

(c)  Improve  ground  traffic  flow  in  and  out  of  and  around  airports. 

(d)  Bednce  pollution  (noise  and  smoke). 

( e)  Improve  productivity  of  aircraft  through  increased  cruise  performance. 

(B)  Bring  S’FOL  aircraft  to  operational  status  and  improve  rotary  wing 
vehicles. 

( a )  Develop  technology  for  improved  STOD  performance. 

(b)  Provide  data  for  FAA  to  establish  S'TOIi  certification  standards. 

(c)  Define  acceptable  noise  levels  and  technology  to  meet  them. 

(C)  Develop  a  successful  American  SST  and  bring  it  into  operational  status. 

( D)  Improve  safety  and  reliability  of  general  aviation  aircraft. 

Queation  8.  Sow  do  you  tee  the  NASA  role  in  aupporiing  reaearch  to  aolve 
theae  problemat 

Answer.  The  NASA  role  is  to  provide  a  strong  advanced  research  program 
to  provide  the  technology  to  be  applied  and  utilized  by  DOT,  DOD,  and  the  in¬ 
dustry  to  meet  the  requirements  of  military  and  civil  aviation.  NASA’s  role 
would  also  include  selected  flight  research  programs  of  promising  concepts  as 
required  to  adequately  support  the  objectives  and  goals  of  the  user  agencies  and 
industry. 

Queation  9a.  With  the  fumbo  feta  and  the  SST  aircraft  coming  into  commercial 
tranaport  ute,  in  what  direction  do  you  recommend  that  the  NASA  aeronautical 
reaearch  programt  be  directed  for  the  future? 

Answer.  (1)  NASA  should  direct  research  effort  to  provide  means  of  shorten¬ 
ing  runway  reqnirmnents  at  transport  aircraft  and  to  Increase  the  airport 
aco^>tabUity  rate  while  at  the  same  time  making  the  aircraft  easier  to  handle 
and  safer  on  aiq>roa<fii  and  landing. 

(2)  NASA  should  direct  research  effort  to  provide  advanced  technology  for 
iminroved  air  traffic  control  to  provide  the  FAA  with  technology  reqnlr^  to 
define  and  develop  a  system  frmn  possible  options  that  will  be  capable  of  han¬ 
ding  the  future  increased  air  traffic  that  will  involve  a  complex  mix  of  aircraft 
including  the  Jumbo  Jets,  the  SST’s  and  V/S’TOL  aircraft. 

(3)  NASA  should  direct  a  concerted  research  effort  to  make  STOL  aircraft 
and  rotary  wing  aircraft  practical  for  commercial  short-haul  use  in  the  near 
future,  and  should  aim  for  making  VTOL  aircraft  practical  for  military  appli¬ 
cation  first  and  commercial  use  later. 
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(4)  Effort  ohonld  be  directed  to  improrlog  tbe  sefety  and  reliability  of  general 
avia^^don  aircraft 

(6)  Effort  will  be  directed  to  req)ondlng  to  tbe  needs  of  tbe  DOl*  in  the  devel- 
oianent  of  tbe  8ST,  and  to  providing  the  technology  for  a  second  generation  ad¬ 
vanced  SST. 

(6)  Research  effort  in  the  fnndamaital  disciplines  should  be  emphasised  to 
provide  the  basic  technology  to  develop  new  conceptual  ideas  to  amply  to  the  areas 
outlined  above,  including  research  into  tbe  fun^mentals  of  noise  generation. 
Such  advanced  research  effort  is  of  equal  priority  to  any  ot  the  areas  listed  and 
must  be  conducted  on  a  contlnuiii^  basis. 

QaesHoa  Pb.  Should  toe  aim  for  hypenouie  uUrenft  md  rtmtjet  propuMon  or 
are  ice  too  earlp  for  the  neat  phase  of  praettcal  application  of  this  teehnctopyt 

Answer.  It  is  to  earty  to  plan  appl^tion  ot  technology  to  a  practical  hyper¬ 
sonic  orolae  aircraft ;  the  fiudamentals  ot  hypersonic  aerodynamics,  propulsion 
for  hypersonic  vehicles  and  materials  and  structures  need  much  more  research. 
However,  to  provide  the  technology  so  that  practical  vehicles  can  be  considered 
in  die  future,  research  in  tbe  various  disciplines  should  be  continued. 

Quettion  90.  It  the  anttoer  in  eonsoNonoe  with  the  converpMp  progress  of  space 
vehioles  and  air-breathing  vehicles  t 

Anawmr.  There  are  Important  differences  between  space  vehicles  and  bjrper- 
sonlc  tranqxnt  aircraft  as  now  defined.  The  space  vehicles  being  considered  now 
will  not  use  or  'require  ramjet  propulsion — the  only  requirement  is  an  air-breath¬ 
ing  engine  for  landing  and  “go-aronnd”  capability  for  short  periods  of  time ;  this, 
of  coarse,  applies  to  the  qpace  vehicle  as  currenUy  defined.  The  structures  re¬ 
quired  may  be  diort-time  high-heat  type  with  low  total  heat  load  whereas  tbe 
transport  vehicle  may  be  a  long-time  beat-soaked  structure  that  must  have  long 
life  for  many  flights  on  an  economical  basis  and  be  as  reliable  as  today’s  Jet 
transports.  The  configuration  of  the  cruise  vehicle  must  be  such  as  to  provide  eflSi- 
cient  eoonmnics  and  possess  good  dying  diaracteristics  for  commercial  pilots  as 
contrasted  to  space  vehicles  that  only  spend  a  few  minutes  per  flight  in  the 
atmosphere  and  will  b^?  flown  by  highly  trained  specialist  pilots. 

Question  10.  It  it  noted  that  of  the  t4.7  biUion  budget  asked  for  by  NASA  for 
FY  1970  only  about  9180  million  was  directly  related  to  aertMautlcs.  Does  an 
allocation  of  less  than  five  percent  of  VABA't  budget  to  aeronautics  represent  a 
division  between  space  and  aeronautics  which  will  continue  into  the  futuret 

Note:  The  approaimately  9180  million  consists  of  the  aeronautical  vehicles 
line  item  in  RdD  along  with  about  9St%  million  in  other  RAD  areas,  plus  about 
980  million  of  in-house  work  in  the  RdPU  category. 

Answer.  |186M  is  a  proper  assessment  of  tbe  level  of  resources  assigned  to 
aeronautics  RAD  by  NASA.  The  aeronautics  RAD  budget  is  Justified  on  its  own 
merits  within  NASA  and  particularly  within  OART.  There  is  no  reason  to  ex¬ 
pect  a  fixed  relation  between  space  and  aeronautics  funding,  although  clearly 
the  magnitude  of  the  overall  budget  affects  the  degree  to  which  the  aeronautics 
RAD  program  proposals  can  be  accepted  by  NASA. 

Qu^tion  11.  Press  reports  indicate  that  the  Administration  has  set  a  timetable 
for  development  of  a  long-range  national  program  for  civil  aeronautics  RdD. 
.idditionally,  it  was  reported  in  September  that  a  DOT-NA8A  group  is  "getting 
off  the  ground”  in  a  study  of  how  much  RdD  in  civil  aviation  the  Oovemment 
should  do.  From  the  respective  management  levels  assigned  to  the  Space  Task 
Group  and  the  group  for  aeronautics  study,  it  might  be  concluded  that  aero¬ 
nautics  is  much  lower  in  priority  and  needed  emphasis  than  the  space  program. 

(a)  Is  this  an  accurate  conclusionT 

(b)  What  are  the  respective  levels  of  effort  in  aeronautics  in  the  three  options 
included  in  the  NASA  Report  to  the  President's  Space  Task  Oroupt 

(c)  It  is  noted  that  only  in  Option  I  does  NASA  indicate  an  increase  in  aero- 
nautical  research.  Is  this  in  keeping  with  aU  the  testisnony  indicating  an  in¬ 
creased  need  f 

(d)  Is  this  consistent  with  the  answer  to  Question  1  abovet 

Answer.  Answering  the  several  parts  of  the  question: 

(a)  Since  tl»  DOT/NASA  study  reports  to  the  Secretary  ot  DOT,  and  Ad¬ 
ministrator  of  NASA,  it  should  be  concluded  that  highest  management  is  in¬ 
volved.  Decisions  on  national  space  commitments,  however,  required  an  im¬ 
mediacy  of  action  on  major  deci^ons  not  present  in  the  aeronautics  case. 

(b)  The  President  requested  the  Space  Tadr  Group  to  review  the  national 
space  program.  In  its  early  deliberations,  the  STO  considered  inclurion  of 
aeronautics  in  its  activities,  but  decided  that  it  was  best  to  concentrate  on  the 
complex  issues  presented  by  tbe  space  program.  In  presenting  cost  projections 
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for  NASA,  an  aasnmed  level  for  aertmantics  was  Included  to  give  an  overall 
estimate,  but  without  any  intention  to  indicate  study  of  or  conclusions  regard¬ 
ing  specific  future  requirements  for  aeronautics. 

(c)  As  noted  above,  none  of  tbe  three  options  included  predicted  estimates 
but  rather  representative  or  assumed  levels.  Option  I  did  specify  an  increase  in 
aeronautics  RAD  to  conduct  major  luoof-of-concept  programs. 

(d)  In  view  of  the  fact  that  the  Space  l^tak  Group  did  not  attempt  to  specify 
future  requlrmnents  in  aeronautics  BAD,  there  is  a  need  to  further  consider 
these  future  requirements  in  the  NASA/DOT  study. 

Question  li.  It  is  noted  that  NASA,  apparently  is  increasinyly  involved  in 
aircraft  navigation,  air  traffic  control  systems  and  safety  of  flight  devices.  Yet, 
the  FAA  is  largely  responsible  for  system  development  of  the  8ST  and  for  the 
airways  structure.  It  would  appear  this  represents  a  mUs-up  of  agency  respon¬ 
sibilities.  Will  the  delineation  of  responsibilities  among  executive  departments 
be  examined  as  part  of  the  Administration's  look  at  a  long-range  national 
progromt 

Answer.  NASA  is  involved  in  conducting  research  and  developing  new  tech¬ 
nology  to  solve  problems  in  the  areas  cited.  FAA  is  concerned  principally  with 
the  development  and  application  of  devices  in  the  technical  areas  cited  which 
would  lead  to  a  total  system  best  serving  the  nation's  needs.  If  the  distinction 
is  made  in  this  way  the  agency  responsibilities  are  largely  consistent  The  phasing 
from  research  through  to  application  involves  Joint  interests  at  some  point,  and 
the  direction  of  research  requires  guidance  from  the  ultimate  user.  These  par¬ 
ticular  interactions  are  under  specific  discussion  between  DOT  and  NASA  at  the 
dlrectloa  of  Che  Secretary's  (DOT)  and  Administrator’s  (NASA)  offices, 
respectively. 

Question  IS.  A  prior  industry  witness  raised  an  interesting  point  on  NASA’s 
acceptance  of  a  proliferation  of  research  profects  in  their  role  of  a  supporting 
RdD  agency,  rather  than  continuing  their  effort  to  their  demonstrated  com¬ 
petence  in  established  disciplines. 

(a)  Do  you  see  a  trend  developing  in  this  directionf 

(ft)  Dow  does  NASA  participate  in  planning  the  overall  research  effort  that 
is  pursued! 

(c)  Does  NASA  need  new  facilities  or  have  new  tasks  placed  on  them  dictated 
the  need  for  new  facilities  which  may  be  limited  in  research  applicability! 

(d)  Will  the  NA8A-D0T  study  specifically  include  recommendations  on 
V/8T0L  problems! 

(e)  To  what  extent  does  the  problem  of  lack  of  data,  as  stated  by  the  AIA 
witness  (need  for  high  Reynolds  Number  wind  tunnel,  need  for  aerodynamic 
data  on  airfoils  of  small  thickness  and  structural  data)  exist  for  your  forecast 
of  future  aircraft  development! 

Answer.  When  NASA  is  in  a  supporting  role  to  another  agency  it  is  seldom 
engaged  in  research  but,  rather,  involved  in  defining  solutions  to  engineering 
problems  uncovered  during  syrtem  development.  AKhough  these  individual 
activities  may  appear  unrelated  to  NASA’s  research  they  do  relate  to  specific 
disciplines  in  which  NASA  has  competence.  To  the  best  of  its  ability,  NASA  uses 
these  “problem-solving”  exercises  to  contribute  to  basic  technology  and  prevent 
reappearance  of  the  problem  in  a  slightly  different  form. 

(a)  Undoubtedly  these  demands  will  increase  for,  as  aircraft  become  more 
sophisticated,  some  problons  will  not  surface  until  development  is  well  underway. 

(b)  In  planning  the  “research”  (or  development  testing  Involved),  NASA 
woilcs  with  the  requesting  group  to  minimise  the  effort  directed  at  solving  tbe 
specific  problem  and  maximise  tbe  effort  useful  for  solution  of  the  general 
class  of  problem. 

(c)  There  are  clearly  defined  requirements  for  major  new  research  facilities 
if  the  risk  of  soaring  development  costs  is  to  be  kept  low.  Often  the  need  for 
new  facilities  is  emphasised  by  requests  to  help  solve  developmental  problems  in 
facilities  which  did  not  uncover  the  problems  at  an  early  stage.  Obviously,  the 
existence  of  these  problems  is  symptomatic  of  a  technical  ignorance  which  would 
Justify  research  effort.  Thus  a  facility  built  to  solve  a  specific  problem  would 
almost  certainly  be  used  to  conduct  research  on  tbe  problem  in  generalized  form 
so  that  it  could  be  avoided  in  future  developments.  Almost  without  exception, 
a  facility  built  to  study  one  special  problem  has  proved  to  be  useful  in  much 
wider  and  unexpected  areas  of  research. 

(d)  The  short-haul  air  transport  system  will  form  one  important  element  of 
the  DOT/NASA  study  and  V/8TOL  aircraft  will  be  included  In  this. 
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(e)  The  lack  of  these  data  for  the  purpose  of  foreeotting  probable  aircraft 
development  is  not  serious,  except  where  the  data  might  have  revealed  a  wholly 
unexpected  physical  phenomenon.  For  forecasting  purposes  it  Is  reasonable  to 
make  assumptions,  based  on  good  Judgment,  as  to  probable  technical  advances. 
This  is  not  adequate,  however,  when  serious  consideration  is  to  be  given  develop¬ 
ment.  Very  small  changes  In  many  characteristics  can  make  the  difference  be¬ 
tween  success  or  failure.  At  this  stage  the  lack  of  detailed  data  could  prevent 
develoiunent,  force  a  very  conservative  approach,  or  court  development  disaster. 

Qmestion  14.  Mow  do  gou  react  to  the  statement  that  more  prototype  develop¬ 
ment  is  needed  hy  Oovemment  Agencies  to  keep  the  United  States  abreast  of 
world  developmentsf 

Answer.  There  is  no  question  but  that  prototype  development  is  the  most 
certain  way  of  defining  the  best  developmental  lines  to  follow  and  enables 
development  to  proceed  rapidly  with  much  reduced  chance  of  failure.  This  is 
particularly  true  when  the  prototype  Is  a  system  (aircraft,  air  trafllc  control,  and 
airports)  where  several  groups  are  involved.  Since  other  countries  are  following 
this  course  by  government  support,  they  are  becoming  more  competitive.  Whether 
this  has  reached  a  level  justifying  similar  action  within  the  U.S.  is  not  estab¬ 
lished.  Whether  the  U.S.  requires  acceleration  of  development  along  certain 
lines  to  such  an  extent  that  prototypes  are  required,  also  is  not  clear.  The 
DOT/NASA  study  should  define  a  process  by  which  these  decisions  can  be 
reached  for  any  instance  related  to  civil  aviation. 

Question  IS.  To  what  extent  have  the  1968  National  Academy  of  Engineering 
aeronautical  recommendations  been  incorporated  in  NASA  planning! 

Answer.  The  Aeronautics  and  Space  Engineering  Board  of  the  National  Acad¬ 
emy  of  Engineering  in  its  report  of  August  196^  made  100  recommendations 
for  aeronautical  research.  Of  these  19  fell  under  the  jurisdiction  of  other 
agencies.  Of  the  remaining  81  recommendations,  NASA  has  work  underway  on 
all  but  15.  NASA  has  thoroughly  reviewed  and  studied  the  Board’s  recom¬ 
mendations  and  has  attempted  to  respond  fully  to  all  of  them.  In  many  in¬ 
stances  work  was  already  underway  at  an  appropriate  level  of  effort;  in  some, 
work  underway  was  expanded.  Of  the  15  tor  which  work  has  not  been  initiated 
some  were  considered  to  be  in  areas  for  which  the  capability  and  interest 
exists  in  the  industry  to  a  greater  degree  than  in  NASA,  e.g.,  structural  fabri¬ 
cation  technique,  materials  joining  methods,  and  lightweight  power  transmission. 
NASA  has  responded  to  the  best  of  its  ability  within  the  limits  of  the  manpow¬ 
er  and  resources  allocated  to  aeronautical  research  and  continues  to  review  the 
Board’s  recommendations  along  with  those  from  its  Research  Advisory  Ck>m- 
mittees,  and  requests  for  assistance  from  the  DOD  and  DOT  in  its  program  and 
budget  prilanning. 

BECOMMENOATIONS  OF  THB  TBAKSPOBTATIOlf  WCHiKSHOF 

The  Transportation  Workshop  was  an  ad  hoc  group  which  worked  intensively 
for  a  few  months  in  1967,  under  the  co-chairmanship  of  Bernard  A.  Schriever 
and  William  W.  Selfort,  to  make  a  systems-oriented  study  of  the  national  air 
transportation  system  and  its  interfacing  modes.  The  competence  of  the  par¬ 
ticipants  in  the  study  and  the  value  of  the  study  results  are  widely  recognized. 
The  study  report  is  used  as  a  primary  reference  by  the  Joint  DOT-NASA 
Civil  Aviation  Research  and  Development  Policy  Study. 

The  report  of  the  Transportation  Workshop  was  printed  in  1968  by  the  MIT 
Press  with  the  title  “Air  Transportation  1975  and  Beyond :  A  Systems  Ap¬ 
proach.”  This  book  contains  515  pages  of  which  50  are  used  in  listing  the 
conclusions  and  recommendations  of  the  six  panels:  socioeconomics,  air  vehi¬ 
cle,  air  traffic  control,  airports  and  terminals,  mixed-mode  collection  and  dis¬ 
tribution,  and  government  ixtllcies. 

The  conclusions  and  recommendations  of  the  systems  study  have  been  sum¬ 
marized  concisely  in  a  essay  (The  Impending  Crisis  in  Air  Transportation)  by 
the  co-chairman  printed  in  the  Technology  Review  (April  1968).  This  essay  is 
attached. 

Only  two  of  the  panels  dealt  directly  with  aeronautical  research.  The  major 
recommendatiems  of  these  panels,  air  vehicle  and  air  traffic  control,  are  given 
below. 
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Reeommendatiotu  of  the  air  vehiele  panel  * 

“Almost  all  tile  dements  supporting  air  transportation  need  intensive  at¬ 
tention  to  bring  about  immediate- Improvement.  Most  of  these  elements  have  not 
been  heeidng  pace  with  either  CTTOL  vehicle  technology  or  the  passengers’  and 
shippers’  demand  for  air  service. 

Integration  of  these  elements  and  coordination  of  air  transportaticm  with 
the  total  transportation  systmn  are  required.  Realistic  long-range  planning  must 
be  Intensified  and  correlated.  Effective  methods  must  be  developed  to  Identify 
the  most  desirable  and  practicable  solutions.  The  data  base  to  apply  these 
methods  must  be  enlarged  and  Improved  in  coverage  and  accuracy. 

The  evolution  of  short-haul  V/9TOL  vehicles  must  be  speeded  up  to  matdi 
that  of  CTOL  airplanes  over  the  past  30  years.  First,  studies  are  required  to 
narrow  down  the  numerous  vAlcle  concepts  to  the  most  prmnislng,  so  that  these 
can  be  given  the  benefits  of  Intensive  application  of  techncfiogy.  Secrad,  after 
the  first  step  has  readied  at  least  a  preliminary  stage,  demonstration  projects 
should  be  conducted,  ^ese  projects  should  be  design^  to  obtain  the  reliable 
econmnlc  and  operational  Information  required  by  the  investors,  manufacturers, 
and  curators  before  they  can  commit  themselves  to  a  full-scale  short-haul 
system. 

Recommendatiotu  of  the  Air  Traffic  Control  Panel  * 

PlamUnff: 

1.  Compile  basic  Informatlou  relative  to  traffic  demand. 

2.  Develop  long-range  plans  and  establish  interim  goals  to  minimize  duplica¬ 
tion  at  spending. 

3.  Outline  organizational  approaches  that  might  simplify  implementation  of 
advanced  technology  in  air  traffic  control  systems. 

4.  Initiate  a  tedinlcal  plan  for  the  next-generation  evolutionary  air  traffic 
control  system. 

Development: 

The  post-197S  evolutionary  system  takes  Into  account; 

1.  Air  vdilcles  with  new  performance  standard 

2.  Growing  numbers  of  aircraft,  particularly  in  general  aviation. 

3.  New  concepts  in  types  and  location  of  airports. 

With  these  basic  concepts  in  mind,  the  following  recommendations  are  made : 

1.  Improve  ATC  in  the  terminal  area. 

Z  Initiate  immediate  long-term  evolutionary  development  of  a  new 
more  responsive  ATC  for  both  en  route  and  terminal  areas.  The  system 
must  adopt  advanced  technologies,  since  new  types  of  aircraft  will  be  in 
service  in  the  coming  decades,  including  the  9ST  (supersonic  transport), 
ASST  (advanced  supersonic  transport),  HST  (hypersonic  transport),  and 
VTOL  (vertical  takeoff  and  landing).  Complicating  the  introduction  of 
these  aircraft  will  be  the  large  numbers  of  all  types  of  aircraft  that  will 
be  in  operation.  Forecasts  indicate  a  continuing  increase  in  quantities  of 
both  passenger  and  cargo  aircraft  through  1900. 

3.  Lire  ou-site  test  programs  should  be  undertaken  by  DOT/FAA  so  that 
tanprovements  can  be  verified  prior  to  Integrating  the  new  system  throughout 
the  ATC  network.  Such  programs  should  inifiude : 

Test  operatimis  of  VTOL  aircraft  in  the  A'TC  terminal  area  environ¬ 
ment 

Ezperimmiits  with  systems  {lermitting  expedited  movement  of  equip¬ 
ment  at  the  airport  complex,  particularly  under  poor  visibility  conditions. 

Slxperiments  with  noise-abatement  revisions  so  that  increased  air 
traffic  can  be  measured. 

4.  The  measurmnent  and  short-period  prediction  of  weather  in  the  terminal 
area  and  the  communication  of  realtime  weather  information  between  the 
weather  system  and  the  ATC  system  should  be  improved. 

Pundinp; 

Future  funding  criteria  and  policy  for  ATC  and  meteorological  facilities 
should  be  established. 

•  Beyond  :  A  Systems  Approach,  p.  264. 
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TetHmoilogy: 

Mechanisms  should  he  developed  to  Introduce  advances  In  technology  into  the 
ATO  system  in  an  orderiy  taMiion. 

Bttmdar4izatUm: 

Souther  ATC  standardisation  al  codes,  abbreviations,  and  system  interfaces 
should  be  developed  and  accepted  by  all  countries.  Continued  ATA,  lOAO,  and 
lATA  activities  in  this  area  are  encouraged.  It  is  recommended  that  one  United 
States  government  agency  be  responsible  for  standardization  in  the  United 
States.  Strong  support  must  be  given  to  accelerate  time-consuming  standard¬ 
ization  activities  in  order  that  equipment  developments  can  inroceed. 

TnUninff: 

Planning  for  ATO  training  programs  in  the  United  States  should  be  a  joint 
effort  of  FAA  and  ATOA  (Air  Traffic  Controllers  Association). 

Summary: 

Policies  and  organizational  arrangements  should  be  established  that  will  pro¬ 
vide  a  means  for  c<«tlnnous  systems  studies,  reviews,  and  recommendations ;  a 
dynamic  evolntl<mary  air  traffic  control  system  wUl  result 
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Uiopia  ooes  not  lio  atiaad.  But  paitial  aolution*  Barnont  A.  Schriovar 

''a<Vit)r.'>cod  at  onca  will  parnbt  total  planning  to  atant  and  arw^BMBT 

the  Udaolcengaation  William  W.Sai<aft,8oJ>.'61 

hbprirted  with  permissi(»  of 

THE  TECHHOLOGY  REVIEW 

The  Impending  Crisis 
in  Air 

Transportation 


Tha  paopla  ol  tlia  umtad  Stataa  anjoy  a  panonal 
inability  unmatchad  anywhara  in  tha  world,  a  (rao- 
dom  ol  movamant  ragardad  as  a  right  and  not  a 
privilaga.  It  is  a  social  valua  wovan  daapiy  into  our 
liv,.a.  Tha  (raodom  to  travol  and  to  trade  without 
barriers  is  the  basis  ol  the  mass  production  and 
markaling  that  hava  given  us  tha  highest  standard 
ol  living  man  has  known. 

But  unlass  wa  begin  now  to  taka  steps  to  meat  tha 
demands  ol  tha  lutura,  shear  growth  in  popula¬ 
tion  and  the  accompanying  economic  demands 
could  so  saturata  our  transportation  system,  aspoei- 
ally  the  air  system,  that  mobility  could  become 
a  premium  service  instead  ol  a  routine  accom¬ 
modation. 

In  1966  air  transportation  accounted  lor  66  per  cent 
ol  common  carrier  passenger  miles,  as  compared 
to  13  per  cent  in  1950. 

Many  lactors  will  lurther  stimulate  the  growth  ol 
air  transport.  Gross  national  product,  disposable 
income,  and  employment  are  increasing.  A  new 
generation  ol  even  more  economical,  high-paylood 
aircralt  is  coming  into  service.  More  people  will 
have  more  leisure  lime;  some  ol  it  will  be  used  lor 
travel.  The  number  ol  retired  persons  will  Increase, 
and  they  will  wish  to  travel  more.  A  higher  per¬ 
centage  ol  our  population  will  be  more  highly 
educated,  and  post  experience  shows  that  as  level 
ol  education  increases,  so  does  the  tendency  to 
travel.  Many  people  in  today's  travel  market  still 
cling  to  an  old-lashioned  tear  ol  Hying,  which  helps 
account  lor  the  laci  that,  as  ol  1964,  only  39  per 
cent  ol  Americans  had  ever  taken  a  trip  by  air.  The 
generations  coming  into  the  air  travel  market  will 
not  bring  a  tear  ol  Hying  with  them,  and  this  will 
expand  the  market  even  lurther. 

These  lactors  ol  growth  lend  credence  to  median 
loracasta  that  by  1980  the  number  ol  domestic 
revenue  passengers  carried  by  alrllnea  wlH  be  four 
times  more  than  current  levels  and  that  air  cargo 
will  grew  as  much  m  10  limes. 


Some  Inhibitions  to  Growth 
But  serious  hurdles  lace  those  who  are  charged 
with  preparing  tha  facilities  on  which  this  growth 
will  depend.  Any  casual  air  traveler  or  shipper 
recognixes  signs  ol  trouble  in  the  delays  and  con¬ 
gestion  that  have  today  become  the  norm.  Up 
until  now.  the  growth  ol  air  travol  has  been  relatively 
unhampered  by  capacity  restrictions,  but  these 
favorable  conditiorrs  are  lading  rapidly.  The  lactors 
that  may  do  most  to  limit  the  ability  of  the  air  trans¬ 
portation  system  to  meet  demand  are  the  most 
difficult  to  evaluate  and  to  correct. 

Most  ol  our  hub  airports  are  reaching  a  saturation 
point,  and  saturation  equates  with  costly  delays — 
cosily  in  terms  of  the  ill  will  of  inconvenienced 
passengers  and  costly  in  operating  losses  to  sir- 
lines.  The  Air  Transport  Anociaiion  estimated  the 
direct  cost  of  operating  delays  in  1965  at  $41  mil¬ 
lion,  no  small  economic  drain  yet  relatively  insig¬ 
nificant  when  compared  to  the  potential  delay 
costs  in  the  coming  decades.  Serious  new  problems 
will  be  introduced  when  the  large  subsonic  jets 
and  the  supersonic  transports  are  introduced  into 
the  inventory.  Estimates  indicate  that  by  1975  20 
aircraft  ol  tha  C-5,  B-747,  or  SST  type  will  land  or 
depart  within  one  hour  at  primary  airports  during 
peak  times.  This  indicates  a  need  to  accommodate 
up  to  10.000  passengers  per  hour  at  these  localiona. 

In  1965, 21  major  metropolitan  areas  accounted  lor 
66  per  cent  of  the  total  airline  passenger  enplane- 
ments  and  46  per  cent  of  all  air  carrier  operations 
at  U.S.  airports.  As  a  group,  these  laige  hubs  have, 
over  the  years,  increased  their  share  ol  the  total 
U.S.  air  traffic  lor  both  air  carrier  and  general  avi¬ 
ation  activities.  This  trend  is  forecast  to  continue. 
Projections  indicate  that  by  1960  these  hub  airports 
will  account  lor  approximately  70  per  cent  el  all 
U-S.  enplaning  passengers. 

hi  1965  only  three  large  hubs.  New  York,  Chicago, 
and  Los  Angeles,  generated  more  than  6,000.000 
enplaned  passengers  each.  By  1980, 20  ol  tha  large 
hubs  srill  generate  this  number  annually,  according 
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to  FAA.  toracMls.  Tho  nwiibar  of  air  carriar  opora- 
tiona  wrW  alao  Incraaao  markacHy,  but,  bacauaa  ol 
tha  shift  to  largar  aircraft,  ttiasa  Incraasas  will 
not  ba  proportionata  to  tha  gains  in  pasaangar 
vohuna.  Batwaan  1965  and  1960,  air  carriar  opara- 
tionsattha21  major  hubs  araexpactad  to  inciaaaa 
143  par  cant  and  pasaangar  anplanamanta  444 
par  cent 

For  axampla,  in  1965  tha  seven  airports  that  form 
tha  Miami  hub  accountad  for  about  three  million 
enplaned  paaaangers.  By  1980  airports  in  tha  Miami 
area  must  ba  ready  to  haiKfla  nearly  19  million 
enplaning  paasengars.  To  accommodate  this 
growth,  Miami  will  need  five  timas  tha  total  air  car¬ 
riar  terminal  space  it  has  now.  It  will  also  require 
lour  timaa  tha  amount  of  apron  area  for  carrier 
aircraft  lour  times  the  present  cargo  building 
space,  artd  six  times  the  amount  of  existing  cargo 
apron  area.  Tha  projections  for  the  other  large 
hubs  are  similarly  dramatic.  F.AA.  forecasts  indi¬ 
cate  that  the  New  York  hub's  present  4,213,000 
square  laet  of  gross  terminal  area  (Including  the 
expansion  at  Newark)  must  grow  to  8,864,000 
square  feet  plus  500,000  square  feet  tor  inter¬ 
national  travelers;  Chicago's  1,786,000  square  feet 
wilt  have  to  expand  to  6,792,000;  and  Atlanta  will 
have  to  find  ways  arxi  means  to  build  2,375,000 
extra  square  feet  of  terminal  building  to  process 
its  forecast  traffic. 

Similar  requirements  exist  for  all  tha  major  hub 
areas — a  fact  that  indicates  the  extent  of  the  ter¬ 
minals'  portion  of  the  problem.  The  airports  them- 
salvas  face  comparable  problems  and  must  be  ex- 
parxfed  to  accommodate  the  larger  number  and 
size  ol  aircraft,  turning  these  expensive  machines 
around  quickly  for  departure  with  fuel,  maintenance, 
passengers,  and  cargo.  The  prospects  for  moving 
passengers  and  cargo  to  and  from  airports  through 
urban  distribution  systems  that  are  becoming  less 
adequate  each  year  are  even  more  dismal.  (Today 
not  a  single  hub  airport  is  directly  connected  to 
the  central  city  by  a  fast  subway  or  railroad  system.) 
And  there  is  also  the  problem  of  how  to  control 
tha  growing  numbers  of  aircraft  that  will  be  occupy¬ 
ing  the  airspace,  including  takeoff,  routing,  and 
landing,  within  acceptable  standards  of  safety, 
nolaa,  and  pollution. 

It  is  difficult  to  predict  what  will  finally  limit  the 
capacity  of  Individual  airports.  It  could  be  airport 
access  and  egress.  It  could  be  the  ability  of  the  air 
traffie  control  system  to  handle  arrivals  and  de¬ 
partures.  It  could  be  the  termirtals  themselvee— the 
number  of  people  that  can  flow  thrrMgh  them  In 
a  given  period,  it  cqpid  be  the  ground-handling 
fabHHIas  for  airplanes.  A  recent  study  by  the  Gen¬ 
eral  Manager  of  Los  Angeles  International  Airport 
Indicalaa  6iat  this  airport's  capacity  will  finally 


ba  limited  not  by  terminal,  ninway,  ramp,  or  parking 
faciiltiaa  but  by  tha  capacity  of  tha  external  road 
system  that  brings  passengers  and  cargo  to  the 
airport  and  carries  them  away.  Each  airport  is 
unique;  each  has  unique  problams.  But  delays  at 
any  major  airport  back  up  to  cause  system-wide 
delays  as  equipment  tails  to  arrive  on  Unw  and 
schedules  deteriorate. 

One  factor  threatening  to  limit  air  transportation 
system  growth  is  paradoxical.  Qarteral  aviatiorr — 
the  air  taxis,  tlxert-based  operators,  company  and 
private  airplanes  that  play  a  key  rote  In  supporting 
the  Industrial  and  service  bases  thst  msks  oui 
air  transportstion  system  possible — is  grtrwing  so 
rapidly  that  It,  alone,  will  absorb  anything  short  of 
extraordinary  future  expansion  of  air  traffic  corttrol 
and  ground-handling  facilities.  In  1966  general 
aviation  accounted  (or  16.2  million  aircraft  opera¬ 
tions  at  airports  with  F>A.  traffic  control  services, 
as  against  8.2  million  commercial  operatians.  Tha 
FAA.  forecasts  that  by  1977  general  aviation  will 
generate  54.9  million  operations,  as  compared  to 
the  carriers'  16.9  million.  By  1980  the  scheduled 
air  carriers'  3,600  aircraft  will  have  to  via  (or  air  and 
airport  space  with  210,000  general  aviation  aircraft, 
more  than  double  today's  fleet. 

It  was  the  Jet  engine  that  made  large  and  efficient 
aircraft  po^ble,  and  we  are  comaUfted  to  If  until 
another  form  of  propulsion  Is  invented.  Jet  engines, 
unfortunately,  make  noise.  No  solution  to  the  noise 
problem  is  yet  in  sight.  Jet  engines  also  poBute 
the  air.  Fortunately,  this  pollution  Is  t»t  as  serious 
as  would  appear  from  the  smoke  trails  left  by 
Jets,  but  it  is  serious  enough  to  make  people  com¬ 
plain.  As  antipollulion  devices  become  more  com¬ 
mon  and  begin  to  reduce  the  pollution  from  such 
offenders  as  cars  and  factories,  the  atmoepberic 
pollution  contributed  by  today's  aircraft  will  assume 
a  proportion  of  the  total  that  will  attract  Increaaed 
attention.  Noise  and  pollution  will  lend  pressure- 
emotional  but  perhaps  unbearable  pressure— 
to  move  airprtrts  larWr  from  our  cities.  They  wIB 
force  the  imposition  of  noise-abatement  (light  pro¬ 
cedures  which  are  even  more  reetrictlve  than  the 
ones  that  are  already  shrinking  critical  airspace  and 
raising  operating  costs.  Financing  the  building  of 
new  airports  is  going  to  offer  a  major  challertge 
if  noise  and  pollution  force  the  issue. 

Locating  suitable  real  estate  is  going  to  present 
another  proWom.  An  important  inhibition  to  growth 
Is  indicated  by  the  comment  that  on  a  clear  day 
from  the  top  of  the  Empire  State  Building  one  can 
see  1300  separate  polittcal  Jurlsdicthxia.  Whan  a 

community  Is  forced  by  corrgestlon  to  the  decision 

to  build  a  now  airport,  that  new  airport  will  moat 

probably  have  to  be  buHt  on  land  belonging  to 

another  community,  needs  and  other  access  sye- 
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loiiw  lo  ina  new  airport  wiU  generally  have  to  crots 
real  I'Stata  controHaO  hy  aevoral  other  eommunl- 
iics.  The  rat'  iting  juriadictional  probtama  can 
create  yeara  ol  delay  beiora  concrote  M  poured, 
and  they  can  force  compromiaoa  that  niuat  irtavl* 
lably  result  in  lesa-thart^tintum  laellitiet.  The 
delays  occur  as  a  function  of  local  prorogalive. 

The  compromises  are  a  consaquonca  of  the  fact 
that  airport  plaiutars  employ  criteria  that  dilfai 
from  tlioao  used  i>y  urban  aiul  hi<)hway  ptannwa, 
and  pliUUMiu  lot  Hume  sihniiiiiuIv  tUvotne  Iml 
•iclikUly  Intel  relnletl  entfs  Is  lielng  uonthiGled  lor 
the  most  part  by  man  working  In  isolallon  from  each 
other.  Taken  logather.  lhaas  problems  may  com¬ 
pletely  Mock  the  building  of  badly  naadad  new  ' 
faellitlaa. 

By  far  the  most  difhcult  growth  constraint  facing 
the  air  transportation  system  is  that  of  financing. 

At  a  pr^nt  in  time  when  U.S.  airlines  are  committed 
to  the  purchase  of  $10.S  billion  in  now  equipment 
through  1971,  austerity  programs  are  forcing  adop¬ 
tion  of  a  federal  fiscal  policy  that  passes  to  the 
users  the  responsibility  for  paying  for  a  greater 
share  ol  the  system.  The  airlines  hava  been  told,  in 
effect,  to  make  the  service  fit  existing  fiscal  policy 
rather  than  to  expect  fiscal  policy  to  svohrato 
permit  dovelapment  of  the  deair^  service.  This 
policy  portends  inadequate  traffic  control  facilities 
and  ov«rburd0n§il  controllers.  New  airports,  im¬ 
provements  to  airports  and  new  access  systems 
must  be  planned  against  ioteerad  tederal  assist¬ 
ance.  Because  the  crisis  is  so  near  and  the  lead 
times  for  construeling  new  facilities  so  long,  aus¬ 
terity  measures  couM  not  have  come  at  a  worse 
time  lor  the  air  transportation  system. 

Clearly,  no  one  yet  knows  specifically  what  steps 
sh  jid  be  taken  to  optimixe  the  performance  of  our 
air  transportation  system  while  arlequataly  pro¬ 
tecting  other  segments  of  society  in  the  face  of  this 
impending  crisis  composed  of  so  many  eontiibuhxy 
factors.  But  it  is  nonetheless  possible  to  outline 
some  system-oriented  opfiorw  for  the  planner  and 
some  recommendations  lor  further  study. 

The  Airport  Problem 

The  projacted  increases  in  air  passenger  traffic 
lead  one  to  conclude  that  even  if  concurrence  had 
been  achieved  among  the  Jurisdictions  irwolvad.  if 
plans  had  been  approved,  and  if  financing  were  in 
hand,  new  terminal  facilities  couM  still  not  be  con¬ 
structed  soon  enough  to  focastall  peak-hour  con¬ 
gestion  of  epie  proportions.  Consequently,  the 
near-term  solution  must  be  found  in  increasing  the 
flew  of  passengers  through  today's  facilities  and 
along  the  aeoese  routes  to  'hem.  Fortunately,  con¬ 
siderable  eerly  rsHaf  is  evailabie,  although  achiev¬ 
ing  it  will  require  abandonment  of  vedttienal  ways 
of  pfocoolInQ  pMtonQOfOs 


Co-ordinated,  sysiem-wicie  adoption  of  automated 
lickating  ano  b^gage  processing,  which  are 
within  the  present  stato-of-the-nrt,  would  go  far 
toward  elimtnating  a  maior  bottlonock  in  pa&sanger 
flow  through  terminals.  This  in  itself  would  offer 
retie!,  but  if  such  a  system  wera  incorporated  In 
a  complex  of  pasaangar-procaasing  satellites 
strategically  located  within  and  close  to  urban 
complexes,  a  taiga  pail  ol  Ihe  lerniinal  congestion 
piiihleiii  Wiiulil  ilikapiwni  ami  xane  lU  llie  slagysr* 
UIU  esIiiiMlM  III  liiliiie  leiiiiinal  siiaita  iai|illi*<henla 
ciiulri  be  nwdlllad.  Automobiles  could  be  driven  to 
the  aatalllta  Insterut  of  to  the  airport.  Well-wiahers 
would  not  have  lo  accompany  passengers  to  the 
airport  or  go  there  to  greet  them.  Tranafarrino  the 
paaaengar  and  his  bagginie  from  the  satsllite  to 
the  airport  could  be  handled  on  an  avolutionafy 
basis,  beginning  with  standard  large-capacity 
buses,  limousines,  and  taxis.  II  satellilefocatiorta 
were  planned  with  Ihe  airport  access  proolam 
in  mind,  such  a  primitive  system  could  evolve  lo  a 
ground  transit  syalem  carrying  the  psasengar 
to  the  airport  arid.  In  lollow-cn  refinements,  bring¬ 
ing  him  directly  to  Ihe  skin  of  the  aircraft.  Whila 
such  a  plan  may  be  distaslaful  to  air  travelers 
who  hava  been  conditionsd'to  expect  faneiar  treat¬ 
ment,  the  alternatives,  with  their  rfelays  and  frus¬ 
trations,  may  prove  to  be  even  more  dlstastaful. 

The  plan  has  other  advantages.  An  airport  that  did 
not  have  to  devote  so  much  space  to  classical 
passenger  facilities — ticket  counters,  circulation 
areas,  concessions,  public  conveniences,  waiting 
rooms — could  than  devote  more  space  to  its  proper 
business;  landing,  maneuverinp,  servicing,  and 
loading  airplanes.  An  airport  that  dM  not  have  to 
devote  so  much  space  to  car  parking  might  find 
room  for  extra  gates,  ramps,  and  taxlways  end 
in  soma  cases,  lor  a  parallel  rumvay  that  would 
nearly  double  the  acceptance  rate  lor  landings 
ami  takeofls. 

Carrying  such  a  plan  to  its  logical  end,  other  typical 
airport  lunctions  couM  be  moved  ofl-sirport  This 
would  include  cargo-processing  lunctions  such  as 
containerization,  paNetizstlon,  and  break-bulk 
operations,  as  well  as  heavy  airerait  maintenance 
and  overhaul. 

Compared  to  requirements  lor  Ihe  construction  of 
new  airports,  satellite  system  requirements  are  not 
immoderate;  satellites  couM  probably  bo  in  opere- 
tion  sooner  and  at  lower  coat  Adopted  as  a  stan¬ 
dard  Ibr  future  airport  planning,  the  satallita  plan 
could  end  the  traditienal  ways  of  thinking  about 
airports,  which  otherwise  will  continue  to  create 
perlodle  erlaee  In  the  air  transportation  system. 

Such  a  plan  will  undoubtedly  tun  Into  serious 
posiden  on  the  grounds  Vial  the  inoeme  from 
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support  (acuities  et  airports  is  necessary  to  main' 
tain  the  airport's  principal  functions;  consequently, 
the  Oevelopntent  of  a  system  of  satellite  collection- 
qistribution  points  will  require  a  new  view  of  airport 
,  tinancing.  The  sateilite  plan  would  also  benefit 
materiiffy  from  sfandardfzetfon  by  the  ihsior  afr> 
lines  of  passenger-  and  baggage-processing 
methods,  an  agreement  which  may  be  difficunto 
obtain  in  eiew  of  the  competitive  aspects  of  air 
travel. 

The  noise  problem  associated  with  the  operation  of 
iet  aircraft  Is  a  difficult  one,  (or  a  quiet  engine 
is  not  on  the  horizon.  In  time  a  set  of  acceptable 
noise  standards  will  be  established,  anti  compatible 
land-use  plans  to  stiraci  industrial  rather  than 
.-asidential  development  to  the  periphery  of  airports 
will  gradually  be  evolved.  These  steps  and  the 
imposition  of  restrictive  noise  abatement  aircraft 
routing  procedures  will  fiefp.  Nonetheless,  mounting 
opposition  can  be  expected  from  those  citizens 
who  litm  within  the  high-noise  patterns  of  airports. 

It  is  clear  that  we  are  not  going  to  atop  flying,  but 
it  is  squatty  clear  tttat  we  oouM  attach  so  msrty 
penaiUss  to  invsstment  in  oemmsrcial  wiwtMn  that 
it  would  otate  M  atmaoi  btvstiors. 


As  far  as  the  competition  from  general  aviation 
tor  airport  facilities  is  concerned,  the  solution 
appears  to  lie  in  providing  equal  but  separate  fa¬ 
cilities  for  general  aviation  at  reliever  airports 
in  hub  areas,  a  tolulion  that  takes  into  account  both 
the  traqitional  freedom  (o  ffy  and  the  fact  that  it  la 
not  in  the  public  Interael  for  a  private  airplane  with 
two  persona  in  it  to  delay  a  commercial  aircraft 
carrying  perhapa  500  passengers.  It  also  trkes  into 
account  the  fact  that,  whil*  rieing  general  aviatlofi 
activity  will  certainly  affect  congestion  in  the  air, 
its  meior  impact  on  the  ground  will  be  felt  al  only  a 
small  percentage  of  tha  10,000  airporta  In  the 
United  States. 

Air  Trsfflc  Conirof 

II  air  trattic  is  to  grow  with  the  nalional  economy, 
the  airspace  must  be  treated  as  a  national  ratourca 
and  public  funds  must  be  committed.  A  new  traffic 
control  eyslem  will  have  to  be  developed  to  aug¬ 
ment  and  perhaps  avantually  replace  the  present 
radar-based  tystem,  which  will  be  inadequate  for 
the  anticipstad  Vatfic.  Technology  ia  ready  and 
waiting  to  computariza  and  eomblna  tha  melaoro- 
logiqal,  nawIgaUortsI,  control  and  communlcaMon 
data  fad  through  ina  air  traffic  aytlem;  realization 
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.  this  objtKIivo  would  go  lar  to  intprovn  laloty 
and-io'rolimo  the  norvc-wraeklng  burdon  ihout* 
dored  by  air  traffic  controflora. 

A  dcciSiOh  to  rcquiro  general  aviation  aircraft  to 
i.isUu  .idoqualo  avionica  packagea  or  be  reatrielad 
is  v.ousiy  dittieult  to  make.  Similarly,  .1  ia  not 
easy  lo  decide  to  impose  requirements  such  as 
minimum  speeds  and  pilot  proficiency  standards 
on  oonoral  aviation,  yol  thoro  snema  to  bo  no  alter* 
native  if  we  aie  in  uvout  unanlii  condltloiia  and 
delays  in  Iho  niinpaen.  Our  system,  although  tacog* 
niting  every  citiaon't  right  to  use  the  netlonel 
resources,  also  contains  pracedanis  tor  rastrleUna 
that  right  In  the  publie  Intaraat 

Air  Freight  and  Cargo 

The  rosy  torecasts  tor  the  growth  of  air  freight  and 
cargo  probably  disregard  a  great  many  hurdles  that 
must  be  cleared  before  these  levels  are  attained. 

Many  potential  shippers  do  not  understand  air 
logistics  as  a  means  of  increasing  saies  and  praHte 
by  enlarging  market  areas,  increasing  the  length 
of  time  perishables  and  style-obsoiescent  products 
can  be  on  the  market,  lowering  inventory  costs, 
and  reducing  the  time  between  shipment  artd  pay¬ 
ment.  Computer-aided  analyses  of  distribution 
costs  have  not  been  made  available  to  industry  and 
commerce  on  a  sufficient  scale.  The  advantages 
el  containerization  have  not  been  made  apparent, 
nor  has  the  requirement  to  develop  containeriza¬ 
tion  that  is  compatible  lor  all  modes. 

Spectacular  potentials  for  domestic  and  world  trade 
are  available  with  the  high  payload,  low  ton-mllo- 
cosi  aircraft  that  are  coming  into  service.  These 
potentials  may  be  lost  unless  co-operative  planning 
can  reduce  the  cost  of  air  cargo  service,  encourage 
.potential  shippers  to  organize  for  total  distribution 
cost  management,  standardize  containers,  reduce 
the  paperwork  required  for  air  commerce,  and 
develop  suitable  air  cargo  facilities  and  equipment 
This  order  el  planning  will  demand  the  combined 
efforts  of  shippers,  airport  operators,  air  carriers, 
aircraft  manufacturers,  and  gewemmant  planners. 

Fiscal  Policies 

Tremendous  sums  will  be  required  for  financing  the 
expansion  of  airport  and  terminal  facilities,  the 
introduction  of  new  air  traffic  control  systems,  and 
the  cor  truction  of  new  and  improved  access 
means.  It  is  evident  that  no  single  sector  of  the 
economy  will  underwrite  these  requirements  In  fofo. 

It  is  equally  apparent  that  a  systematic  approach  to 
financing  cannot  bo  develop^  until  data  on  the 
operation  of  the  total  system  can  be  assembled  and 
reviewed.  Unfortunately,  fiscal  operationa  In  the  air 
uansport  are  so  fragmenlad  that  It  is  essentially  im¬ 
possible  to  asaemWa  oonsMent  data.  Furtlieraiora, 
eatimatea  o(  future  costs  show  such  dhrorgenoe  thai^ 


they  do  not  provids  an  adaquata  base  tor  daeMon 
making. 

Future  developers  will  look  lo  the  federal  sno  slalo 
governments  for  assistance  In  the  form  of  grants, 
loans,  and  tax  Incentives.  The  prhralo  investment 
aeolors.  and  the  users  loo,  must  assume  a  share 
in  tl>e  financing  to  ensure  that  tree  competition 
Is  not  replacsd  by  oxcsaalva  govermenlal  rssirainl. 
Hnwovur,  unless  and  until  adequate  data  are  da- 
vnlopod  and  organized,  the  prospects  tor  arlleu- 
letli^  an  altscuve  llaeal  peUey  are  not  brlghl. 

TransportaUao  Peliey 

Utopia  does  not  He  ahead.  It  Is  net  likely  that  leeiv- 
nef^,  for  an  the  Masslnga  It  may  bring.  wNI  give 
us  a  world  tree  from  noise,  pollution.  Iratlic  jams 
on  the  ground  and  in  the  air,  irate  Iraveleia,  jurla- 
dictionat  quarrels,  or  setfish  public  and  privala 
inlerasis.  Our  problems  now  are  taking  on  a  new  di¬ 
mension,  with  the  result  that  today  the  crux  of 
the  matter  lies  not  in  the  realm  of  what  technology 
can  do  but  rather  in  what  we  want  it  to  do. 

One  conclusion  stands  out,  unmistakable  and  ir>- 
Gonlrovertlble.  There  Is  an  urgent  need  lor  orgait- 
Ized  planning  oriented  toward  the  total  air  trans¬ 
portation  system  of  the  future.  None  of  the 
options  can  be  initiated  with  confidence  without 
further  study  to  close  the  gaps  in  data  and  knowl¬ 
edge.  The  options  represent  at  once  oppoitunitiaa 
and  problerns.  The  selection  of  the  best  options 
and  the  solution  of  other  proMema  lacing  the  air 
transportation  system  argue  lor  immsdiats  InUialion 
of  a  conceited  planning  effort  How  to  organize  to 
do  the  needed  planning  baoasasa  •  crWool  target 
fsraltsnlien. 
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man  of  the  subcommittee )  presiding. 

Mr.  Hechier.  The  committee  will  be  in  order. 

We  are  pleased  to  welcome  back  this  morning  Bruce  T.  Lundin, 
the  Director  of  Lewis  Research  Center  of  NASI,  and  also  former 
Acting  Associate  Administrator  in  charge  of  the  Office  of  Advanced 
Research  and  Technolo^  in  NASA  Headquarters. 

Good  morning,  Mr.  Lundin.  Glad  to  have  you  back.  And  if  you 
have  a  prepared  statement,  you  may  proceed. 

Mr.  Lundin.  Yes,  I  have,  thank  you. 

STATEHEHT  OF  BBVCE  T.  LTHnilll,  BIBECTOB  OF  lEWlS  BESEABCH 

CEHTEB,  NATIONAL  AEBONAUTICS  AND  SPACE  ARMINISTBA- 

HON 

Mr.  Lundin.  Mr.  Chairman  and  members  of  the  subcommittee, 
it  is  a  privilege  to  appear  before  you  once  again,  and  I  am  grateful 
for  this  opportunity  to  participate  in  these  hearings  on  our  Nation’s 
aeronautical  activities.  Considered  in  its  full  scope  and  implications, 
I  believe  it  is  not  an  overstatement  to  observe  that  we  are  now  engaged 
in  our  Nation’s  third  period  of  deep  concern  and  response  in  aeronau¬ 
tics.  While  the  prior  periods  of  concern  were  associated  with  gather¬ 
ing  war  clouds  in  Europe,  today’s  challenge  to  our  aeronautical  health 
has  the  added  dimension  of  the  numerous  and  complex  problems  of 
civil  aviation — problems  arising  not  from  an  external  threat  but 
bom  of  the  remarkable  success  and  rapid  progress  of  air  transport. 
These  hearings  will  surely  be  an  important  part  of  the  process  of 
inarshaling  our  national  strength  and  will  to  assure  both  our  con¬ 
tinued  mintary  superiority  in  the  air  and  the  economy,  safety,  and 
convenience  of  our  civil  transportation  system. 

In  spite  of  the  difficulties,  we  have  reason  to  face  the  future  with  con- 
iidence.  In  a  way,  we’ve  been  here  before.  For  those  of  us  who  are  now 
old  enough  to  have  lived  and  worked  in  the  NACA  laboratories 
through  me  1940’s  and  1950’s,  it  is  satisfying  to  see  so  much  of  our 
^ly  research  embodied  in  today’s  aircraft.  Every  supersonic  airplane 
in  the  world  today  bears  the  mark  of  the  area-rule,  or  coke-bottle  mape, 
developed  by  the  aerodynamicists  of  the  Langley  Research  Center.  The 
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transcMiic  oonwressor  and  the  methods  of  turbine  cooling  developed 
at  the  Lewis  Beseaich  Center  are  found  on  all  of  today’s  jet  engines. 
When  I  inspect^  the  Concorde  airplane  in  Europe  this  post  summer, 
I  found  engme  inlet  and  afterburner  designs  that  were  direct  descend¬ 
ants  of  what  we  were  researching  in  the  late  forties  and  early  fifties. 

The  list  is  Icmg,  and  I  recall  these  few  examples  not  to  prove  that  we 
were  good,  or  even  to  note  the  raMier  long  period  of  time  required 
between  la^ratory  research  and  operational  aircraft,  but  rather  to 
serve  as  a  springbcwrd  to  an  examination  of  the  factors  or  conditions 
that  were  present  that  enabled  so  much  useful  research  to  be  con¬ 
ducted.  While  it  may  not  have  been  a[^)arent  at  the  time,  in  retrospect, 
at  le^  four  factors  come  to  n^d  that  were  of  importance. 

Firstj  we  had  first-rate  facilities  in  which  to  work.  They  were  mod¬ 
em,  unique  in  the  free  world,  and  well  suited  to  the  problems  of  the 
day.  Whw  NACA  first  set  up  shop  in  1915,  one  of  the  first  things  they 
did  was  build  a  wind  tunnel.  Ever  since,  men  of  faith  and  vision  in 
both  branchee  of  the  Government  continued  to  expand  and  keep  this 
aeronautical  research  plant  up-to-date.  Proof  of  an  economic  return, 
cost-benefit  analysis  and  a  prior  mission  requirements  were  not  the 
mode  of  the  times.  The  lesson  of  this  piece  of  history  proves  the  wis¬ 
dom  of  goinff  forward  on  the  judgment  of  responsible  and  experienced 
leaders.  While  reviewing  some  docummts  of  the  time  recently,  I  came 
across  a  statement  of  the  Bureau  of  the  Budget  which  noted  that  the 
value  of  one  set  of  tests  in  the  8-  by  6-foot  tunnel  at  Lewi^  which  led  to 
improved  afterbodies  for  the  F-102,  F-104  and  F-106  airplanes,  justi¬ 
fied  the  total  cost  of  the  facility.  Th^  situation  is  probably  tme  for  all 
of  our  facUities. 

A  second  factor  in  our  favor  at  the  time  was  our  youth.  Most  of  the 
people  doing  the  research  that  led  to  the  rebirth  of  our  aeronautical 
strength  after  World  War  II  were  in  their  twenties  and  thirties.  They 
didn’t  ^ow  what  couldn’t  be  done,  and  were  willing  to  plunge  ahead, 
unafraid  of  failure.  The  total  atmosphere  was  one  of  excitemmt  and 
creative  endeavor.  Closely  associated  with  this  creativei,  innovative 
environment  was,  thirdly,  the  independent  position  of  the  NACA.  Cre¬ 
ated  to  serve  the  technical  needs  of  user  agencies  or  industry,  it  was, 
at  t^  same  time,  free  to  reach  beyond  the  particular,  specific  problems 
of  the  day  and  to  develop  a  broader  body  of  knowledw. 

Actually,  a  strong  combination  of  both  working  on  the  current  prob¬ 
lems  of  user  agencies  and  using  this  contact  with  real  problems  as  a 
base  to  broader  or  longer  range  inquiries  developed.  Each  activity,  in 
turn,  served  the  other.  I  am  convinced  that  had  the  NACA  depended 
upon  reimbursable  funds  from  other  groups  for  its  operation,  it  would 
have  lost  both  the  continuity  of  effort  and  the  freedom  to  reach  beyond 
defined  requirements  that  has  produced  many  of  the  features  of  the  air¬ 
planes  that  fly  today. 

A  fourth  element  of  strength  also  arose  from  the  close  association 
with  the  user  groups,  with  those  having  responsibility  for  mission  or 
operational  success.  The  close  working  relationships,  almost  to  the 
point  of  a  mutual  dependence,  that  developed  between  the  NACA  and 
the  U.S.  Air  Force  provided  clear  objectives  and  tanmble  goals.  Ap¬ 
plied  research  needs  a  focus,  and  as  we  sought  to  fina  ways  to  enable 
airplanes  to  fly  faster,  farther  or  higher — the  goals  of  the  day — ^mean- 
in^ul  research  objectives  such  as  less  drag,  high  turbine  temperatures 
or  more  efficient  combustors  could  be  pursued  with  purpose. 
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These  are  srane  of  the  political  and  economic  fadors  which,  I  believe, 
enabl^  ^e  healthy  growth  imd  ready  applicatim  of  our  technical 
capabilities.  While  the  world  is  no  longer  so  simple,  we  had  best  take 
care  tlmt  we  either  take  them  with  us  into  the  future  or  alter  them 
on^  with  great  care  and  deliberation. 

But  now  for  the  future.  Our  present  aeronautics  research  program 
is,  of  course,  a  broad  one,  and  it  is  impossible  to  know  with  certainty 
fi^  just  which  quarter  the  big  advancements  of  the  next  decade  wifi 
omne.  But  a  few  main  elements  seem  to  stand  out  t^t  are  worthy  of 
mention  here. 

High  on  the  list  is  the  burgeoning  field  of  avionics.  The  developnmnt 
of  the  digital  computer,  the  ability  of  microelectronics  to  put  it  into 
airtome  packages  and  power  requirements,  and  the  operational  capa¬ 
bilities  developed  and  demonstrated  in  our  space  program  will  suimy 
chanm  tlm  nature  of  our  future  aircraft  systems. 

Fully  integrated  control,  ftom  a  central  airborne  computer,  per¬ 
haps  talking  to  a  computer  on  the  ground  or  in  orbit,  will  ne  in  com¬ 
mand  of  all  phases  and  parts  of  flight.  Engine  power  settings,  the  op- 
wation  of  flaps  and  landing  ge&r,  the  selection  of  optimum  flight  paths 
with  regard  to  tndlc,  weauier  or  fuel  rewrves,  the  control  of  landing 
patterns  will  all  be  selected  and  operated  in  an  autranatic  fashion  frcun 
a  central  computer.  We  do  that  now  with  our  rockets. 

The  flightcrew  will  be  relieved  of  those  duties  that  automation  can 
do  better,  and  wiU  be  occupied  in  i^lection  of  programs  and  in  monitor¬ 
ing  the  whole  operation.  And,  when  changes  are  needed  or  things  go 
wrong,  they  will  either  abort  the  standard  program  or  take  over  mem- 
selve^  much  in  the  manner  that  Neil  Armstrong  did  on  our  first  lunar 
landing.  These  inevitable  developments  in  aviation,  based  on  both  our 
electronic  technologies  and  our  experience  in  space,  should  contribute 
much  to  both  the  economy  and  safety  of  aviation. 

I  have  already  alludeid  to  the  role  of  man  in  the  system,  and  com¬ 
mend  to  your  aittsntiiHi  in  the  years  ahead  this  new  field  of  research. 
Man  is  no  longer  simply  the  guy  who  has  to  operate  the  machinery, 
but  is  very  much  a  part  of  the  total  systmn.  What  kind  of  displays  are 
best  for  him,  what  makes  him  tired  or  confused,  how  well  does  he  work 
when  under  stress  or  fatigue,  how  should  tasks  be  divided  among  a 
flightcrew  are  matters  of  current  research  that  will  be  of  increasmg 
importance.  In  a  way,  we  know  much  more  about  the  mechanical  parts 
of  the  system  than  we  do  about  the  human  parts. 

Among  the  most  dramatic  and,  possibly,  the  most  imp'>rtant  aspects 
of  this  man-machine  int^ration  is  the  role  of  the  flight  simulator. 
Although  the  flight  simulator  has  been  around  for  quite  a  while,  its 
power  for  pilot  training  was  most  dramatically  demonstrated  in  our 
C^mini  and  Apollo  programs.  The  extensive  use  of  simulators  for 
training  in  rendezvous,  &ckii^  or  landing  on  the  moon  provided  an 
essentiu  part  of  astronaut  training.  Almost  without  exception,  eve^- 
thing  they  experienced  for  the  first  time  in  space  was  an  old  fmniliar 
scene. 

But  simulators  are  also  an  important  research  tool  for  aircraft 
development.  There  is  being  con^ructed  at  the  Langley  Besearch 
C^ter  a  differential  maneuvering  simulator  in  which  two  different 
airplane  cockpits  can  be  set  up  such  that  one  may  fly  in  combat  with 
the  other.  Each  pilot  will  receive  a  display  and  operate  his  airplane 
in  accordance  with  and  in  response  to  the  actions  of  the  other.  By 
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giving  each  one  a  different  Und  orf  airplane  to  fly — by  changing  the 
equations  in  the  computer  that  conned  them — we  will  be  able  to 
evaluate  various  types  of  combat  aircraft  prior  to  building  any  hard¬ 
ware  or  even  signing  a  contract.  A  simplified  version  of  ttis  type  of 
simulator  is  being  u^  at  Langley  to  study  F-4  and  F-111  spin  entry 
problems,  and  has  also  been  u^  m  evaluatii^  the  handling  qualities 
of  Langley  developed  F-IS  aircraft  configurations. 

A  puot  also  flys  by  more  than  what  he  sees  out  of  the  window  or 
on  his  instrument  panel;  he  also  flies  very  much  bv  the  seat  of  his 
pants.  When  an  engine  fails  in  an  SST,  the  pilot  will  respond  more  to 
the  sudden  and  large  3^w  motions  of  the  aircraft  than  to  the  readings 
of  his  instruments,  ^d  so,  for  the  very  large  and  flexible  airplanes 
of  the  future,  we  have  brought  into  operation  this  year  at  the  Ames 
Research  Center  a  moving  base  simulator.  This  research  capability  is 
of  particular  importance  in  human  research  and  pilot  training  for 
large,  flexible  aircraft  in  which  the  motions  experienced  by  the  pilot 
are  different  from,  and  even  unrelated  to,  the  motion  of  the  center  of 
gravity  of  the  airplane  along  the  flightpath. 

Pilc^  who  have  flown  both  the  DC-8  and  this  simulator  when 
rigged  up  with  the  equations  of  this  airplane  are  enthusiastic  about 
its  value  and  realism.  Airplanes  such  as  ^e  747,  the  Concorde,  or  the 
American  SST  are  pretty  expmsive  machines  to  use  for  pilot  training 
and  exploration  of  safe  operating  limits.  I  am  therefore  very  pleased 
to  report  that  we  are  now  joining  forces  with  the  FAA  to  use  this 
simulator  for  evaluations  of  the  Concorde  airplane. 

Another  field  of  research  that  is  always  of  large  importance  is  that 
of  materials.  Although  progress  in  this  field  has  t^n  characteristically 
slow  and  steady,  several  things  are  now  going  on  that  have  the  promise 
of  a  real  breakthrough.  The  main  thrust  of  our  program  in  engine 
materials  is — 

(1)  Toward  lower  engine  weights  through  the  development 
of  materials  of  higher  strength,  higher  stiffness,  and  lower 
density ; 

(2)  Toward  higher  engine  temperatures  through  development 
of  high-temperature  materials;  and 

(3)  Toward  improvements  in  engine  reliability  and  life  by  a 
better  understanding  of  why  ownponents  fail,  better  life  predic¬ 
tion  methods,  and  the  use  of  materials  of  better  performance. 

With  regard  to  high  strength  materials,  two  new  and  promising 
approaches  are — 

(1)  Alloys  produced  by  forging  from  prealloyed  powder  in¬ 
gots  rather  than  by  forging  of  melted  ingots;  and 

(2)  Thermomechanical  processing  in  which  mechanical  de¬ 
formation,  or  coldwork,  is  used  together  with  precipitation  in 
alloys  that  may  have  been  strengthened  previously  by  precipita¬ 
tion  alone. 

The  strengthening  increase  by  either  powder  metallurgy  or  thermo¬ 
mechanical  processing  ;s  potentially  very  laige.  The  ultimate  tensile 
strength  of  one  extruded  powder  product,  known  as  TAZ  8A,  is  about 
230,000  pounds  per  square  inch,  as  compared  to  130,000  pounds  per 
square  inch  in  the  cast  condition. 

The  yield  strength  of  another  alloy,  U-700,  has  been  shown  to  be 
increase  from  1^,000  pounds  per  square  inch  to  well  over  200,000 


153 


goun^  per  square  inch  by  using  the  ^rmomechanical  processing. 

uch  increases  in  the  strength  of  nmterials  will  enable  us  to  not  only 
use  that  much  less  of  them  in  an  en^ne,  but  m<»e  importantly,  win 
open  up  entirely  new  avenues  of  engine  design. 

For  some  engine  parts  and  most  airplane  parts  the  stiffness  of  the 
material  is  also  of  importance.  Here,  t^  composites  of  various  fibers 
embedded  in  a  matnz  have  large  potential.  Graphite,  boron,  and 
beryllium  have  a  very  hi^  moduuis,  or  stiffne^  and  when  embraded 
in  a  polymer  matrix  they  can  produce  a  material  that  1]^  about  three 
times  the  specific  strength  and  five  or  six  times  the  i^pecific  stiffness  of 
steel,  titamum,  or  aluminum.  Of  course,  problems  remain,  and  there 
is  much  yet  to  be  done. 

Th^  ocnnpostte  materials  are  subject  to  erosion  damage,  are  more 
sensitive  than  ocmventional  metals  to  lightnii^  strikes,  and  are  limited 
in  temperature.  As  you  may  have  heard  the  mbers  are  also  expensive, 
costing  several  hundred  doilars  a  pound.  And  yet,  I  am  reminded  that 
it  was  not  too  long  ago  that  aluminum  cost  as  much  as  boron  fibers  do 
today — and  we  are  now  using  aluminum  for  throwaway  beer  cans. 

A  few  words  are  also  in  order  regarding  high  temperature  mate¬ 
rials  As  one  example,  a  recent  analy^  by  Pratt  &  Whitney  Aircraft 
indicates  that  the  use  of  a  material  that  could  operate  at  110°  ^her 
temperature  in  a  turbine  would  produce  a  10-percent  increase  in  air¬ 
craft  range  for  one  mission  and  a  30-peroent  increase  for  another 
mission. 

But  two  problems  face  us  as  we  try  to  achieve  materials  that  are  use¬ 
ful  at  higher  temperatures,  the  limitations  imposed  by  oxidation  re¬ 
sistance  and  the  limitations  imposed  by  strength.  One,  but  by  no  means 
the  only,  approach  to  oxidation  resistance  is  the  development  of 
improve  coatings. 

Now,  most  advanced  engines  use  coated  materials,  typically  alumi¬ 
num  diffused  into  the  alloy  surface.  Our  data  indicate  th^  these  coat¬ 
ings  provide  an  improvement  by  a  factor  of  5  to  10  in  life,  or  50°  to 
150°  m  temperature  capability  over  an  uncoated  material.  But  at  the 
higher  temperatures  we  wish  to  operate,  the  life  of  the  material  falls 
off  rapidly. 

One  piece  of  recent  research  using  an  Fe-Cr-Al-Y  alloy  is  therefore 
of  interest.  This  alloy  is  oxidation  resistant,  but  very  weak.  It  has, 
therefore,  been  made  in  the  form  of  sheet  and  bonded  to  the  strong 
superalloys,  thus  providing  a  protective  coating.  Recent  data  show  t^ 
combination  to  provide  an  improvement  by  a  factor  of  eight  in  life 
over  the  best  current  aluminide  coating. 

This  brief  cmnment  on  materials  research  cannot,  of  course,  touch 
on  more  than  a  sm«^  part  of  the  total  program,  and  which  I  sure 
you  will  be  hearing  more  about  in  the  months  ahead.  My  main  pur¬ 
pose  in  calling  it  to  your  attention  here  today  is  to  note  the  possibly 
large  improvements  that  current  research  in  this  field  offers  for  the 
future. 

Better  materials,  materials  that  are  stronger,  stiffer,  lighter,  more 
endurii^  and  capable  of  operatiim  at  higher  temperatures  will,  of 
coursejro  useful  everywhere.  One  ^d  which  will  especially  benefit  is 
that  of  V/STOL  aircraft.  Both  types  of  aircraft,  VTOL  and  STOL, 
can  possibly  contribute  much  to  relieving  many  of  the  transporta¬ 
tion  problems  that  beset  our  large  urban  centers.  But,  as  I  have  noted 
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befon  this  saboommittee  <m  pri<v  occasions,  the  developinMit  of  this 
class  of  aircraft,  particularly  the  VTOL  type,«has  bew  frustrated 
by  powerplant  wei^ts  and  by  ccunplex  control  and  handling  charac- 
tenstics. 

l&ny  of  the  things  now  going  (m  in  electronics  research,  or  avi¬ 
onics,  promise  to  take  cate  of  the  control  end  of  it.  As  for  the  propul- 
aod  system,  tiiere  are  now  enmrging  from  the  laboratory  many  new 
oonc^^  of  compressor  and  turoine  design  and  of  advanced  com¬ 
bustors  which,  together  with  better  materials,  promise  a  real  step 
forward. 

Althc^h  this  propulsion  research,  like  much  of  aermautical  re¬ 
search,  is  ni^y  technical  in  scope  and  detailed  in  nature,  one  general 
characteristic  is  worthy  of  note.  Iliis  characteristic,  not  present  a  dec¬ 
ade  or  so  am,  is  the  very  high  degree  of  interaction  amo^  the  oagine, 
the  inlet,  the  exhaust  noszl^  and  the  airframe  in  which  it  is  instuled. 

Beoent  tests  of  supersonic  inlets  show  that  the  flow  of  air  through 
the  inlet  i^stem  may  not  only  be  distorted,  or  uneven,  across  the  duct 
to  the  engine,  but  that  it  mire  also  oscillate  at  fairly  high  frequencies. 
And  when  we  couple  such  ‘‘shaky”  airflow  to  an  actual  mgme,  the 
en^ne  experiences  a  compressor  stall  and  may  cease  to  oronte. 

Because  the  frequencies  of  these  flow  oscillatimis  are  fairly  high, 
thmr  preemce  remained  undetected  imtil  advanced,  hi^-fr^uency 
instrumentation  became  available;  the  causes  of  comjiressor  st^  un¬ 
der  these  conditions  remained,  unm  recently,  something  of  a  mystery. 
But  now  we  are  on  the  track  to  both  learning  how  to  design  inm  sys¬ 
tems  capable  of  producing  a  smoc^er  flow  of  air,  and  to  tracing  these 
fluctuations  of  pressure,  temperature,  and  flow  velocity  through  the 
various  compcments  of  the  engine  to  achieve  an  understanding  of  the 
ph^cal  processes  involved. 

This  work  must,  of  course,  be  done  with  complete  full-scale  engines 
operating  under  realistically  simulated  flight  conditions.  Fortunately, 
the  Air  Force  has  been  able  to  provide  us  with  modem  engines  for  this 
researdi  and  the  expansim  of  the  Propulsion  System  Laboratory  of 
the  Lewis  Research  Center  provided  by  the  Congress  in  1967  has  pro¬ 
vided  the  large  test  chambers  in  which  they  may  be  instaUed. 

Just  as  the  engine  and  airframe  have  now  b^me  a  tightly  inte¬ 
grated  system,  so  also  has  the  complete  airplane  become  an  mteracting 
OMnponent  of  a  total  transportation  system.  No  longer  is  the  best  air¬ 
plane  the  one  that  flies  nrther,  fa^r.  and  higher,  or  even  more 
quietly,  safer,  or  economically.  It  must  uso  fly  in  a  manner  that  is  at 
least  cmnpatible  with,  and  preferably  in  an  optimum  cmnbination 
with,  die  air  traffic  control  syston. 

Conversely,  the  design  and  operation  of  our  future  air  traffic  system 
must  be  compatible  with  the  characteristics  of  our  future  aircraft. 
Even  the  runway  acceptance  rate,  the  handling  of  the  aimlane  <hi  the 
ground  and  of  its  passengers,  cargo,  and  servicing,  must  be  treated  as 
a  whole. 

These  problems  are  obviously  as  complex  as  they  are  important.  To 
affect  solutions  here,  we  will  need  both  new,  complex  and  expenrive 
research  facilities  capable  of  dealing  with  big  system  problems  and 
new  working  relationships  and  political  arrangements  amcmg  the  sev¬ 
eral  agencies  of  the  Government  and  industry  who  are  inescapably 
involved. 
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As  one  final  oomment  about  the  technical  nature  of  the  years  afaeady 
I  would  note  the  possibility  of  increased  interest  in  the  transonic- 
speed  range,  or  in  the  range  from  maeh  0.7  to  mach  1.4.  The  cruise 
speeds  of  commerical  and  miUtury  transports  have  already  reached 
about  mach  0.85,  and  further  increases  to  about  maeh  1.15  are  of 
intwest  because  this  speed  can  be  attained  without  sonic  bomn  effects. 

The  transonic  spera  range  is  also  critical  for  a  supersonic  trans¬ 
port  because  perfmmance  in  this  rai^  determines  subeimic  cruise 
efficiency.  Transonic  speed  characteristics  are  important  to  fi^^itmr  air¬ 
craft  bemuse  th^  are  required  to  maneuver  at  UMse  qieeds,  and  th^ 
are  important  to  bomber  aircraft  because  they  affect  the  engine  sise 
which  IS  neoess^  to  accelerate  to  higher  supersonic  qieeds. 

And  so,  I  think  you  will  be  hearing  us  tau  mhe  a  Ut  about  prob¬ 
lems  in  the  transonic  range  in  the  years  ahead.  And  there  are  many 
problems  and  difficulties  here.  It  is  in  this  speed  range  that  many  inter¬ 
actions,  shock  waves,  and  flow  separations  occur  that  become  important 
to  the  thrust,  drag,  and  stall  margin  of  the  engine  and  on  the  lift, 
drag,  and  buffet  characteristics  of  the  aircraft. 

Unfortunately,  mathematical  prediction  techniques  do  not  work  well 
in  this  speed  range^  and  experimental  testing  b^mee  of  major  im¬ 
portance.  But,  again  unfortunately,  the  characteristics  of  transonic 
tunnels  are  such  that  only  ve^  small  models,  of  the  order  of  1  or  2 
Mrcent  of  the  tunnel  throat  size,  may  be  usea  and  scaling  up  results 
from  ve^  small  models  to  full  size  airplanes  is  at  b^  difficult  and 
usually  impo^ble.  We  will  be  paced  here  for  some  time  to  come  by 
the  capabilities  of  our  experimental  facilities. 

But  tough  as  all  these  problems  may  be,  we  can,  as  I  noted  at  the 
outset,  face  the  future  with  confidence  because  we  do  have  a  number 


of  things  going  for  us.  In  the  first  place,  we  are  and  will  continue  to 
reap  many  benefits  from  our  space  t^hnology  pre^ram.  Not  only  will 
the  control,  navigatiem,  and  cmnmunicatioos  aspects  of  aeronautics 
benefit  in  a  fairly  direct  manner  from  space  activities,  but  the  broader 
technologies  of  materials,  electrmiic  components,  power  systems,  man- 
machine  integration,  and  many  other  space-bome  technologies  add  to 
our  aeronautical  strmigth. 

We  also  have  modern  high-speed  computers  for  problem  solving, 
advanced  instrumentation  and  methods  of  data  handling,  and  a  whom 


array  of  management  and  communication  skills  that  were  not  present 
a  few  years  ago.  And  we  do  have  today,  in  place  and  at  work,  a  total 
force  of  some  5,000  men  and  women  in  NASA  engaged  in  aeronautical 
research.  Their  work  is,  for  the  most  part,  quite  j^od ;  we  are  aware  of 
the  problems  and  are,  I  believe,  responsive  to  the  needs,  both  short 
and  long  range,  of  the  responsible  user  agencies.  This  is,  ^rhaps,  our 


But  rec(^izing  our  problems  and  assessdng  our  strengths  is  not 
enough.  We  must  also  marshal  and  manage  these  resources  to  me^ 
the  new  problems.  In  so  doing,  I  sugge^  that  at  least  the  following  six 
points,  arranged  not  in  any  order  of  priority,  be  on  our  agenda  for  the 
future. 

For  one,  we  must  give  impetus  to  the  long  process  of  rebuilding  our 
Mronautical  research  facilities.  During  this  past  decide,  some  $36  mil¬ 
lion  have  been  invested  in  the  aeronautics  facilities  of  NASA,  as 
compared  to  a  total  of  $169  million  in  the  preceding  decade.  Just  what 
these  future  researdi  facilities  should  be  is,  for  the  most  part,  for 


156 


others  to  determine.  I  would  so^^^est,  however,  that  some  of  the  main 
elements  include  fai^ties  to  conduct  research  on  large-scale  total, 
intwacting  systemsj  in  the  new  field  of  avionics,  on  research  dealing 
with  man-machine  mtegration,  and  on  the  transonic  speed  regime. 

Also,  the  difficult  gap  that  ^ways  seems  to  exist  between  research 
wd  development  must  be  given  constant  attention.  Technology  that 
isn’t  used  is  no  go(^,  and  a  new  system  development  that  isn’t  based  cm 
soimd  technology  is  destined  to  fail.  We  should,  I  believe,  concentrate 
a  litUe  more  on  doii^  and  a  little  less  on  stu<]Ues.  We  should  not  be 
afraid  to  build  experimental  hardware  just  because  a  need  isn’t  proven 
or  because  it  might  not  succeed. 

Efforts  to  close  this  gap  between  research  and  system  development 
has  sometimes  been  identified  as  a  proof  of  concept  activity  or  in  the 
building  of  demonstrator  hardware.  Neither  term  properly  fits  the 
situation.  Rather  than  simply  prove  that  a  concept  is  correct  or  to 
demonstrate  a  capability  to  ^epticai  users,  what  is  really  needed  is 
experimental  hardware  to  complete  a  technology  development  or  to 
evaluate  a  new  operational  concept  before  a  major  syst^  develop¬ 
ment  is  undertaken. 

A  typical  example  of  such  experimental  hardware  is  found,  I 
believe,  m  our  quiet  engine  project  at  the  Lewis  Research  Center.  Here 
we  are  not  buiming  a  complete  engine,  or  even  a  prototype  of  a  pro¬ 
duction  engine,  but  are  building  j^lsrale  experimental  hardware  in 
order  to  identify  in  an  authoritative  way  the  technologies  required  to 
build  qmet  engmes.  This  provides  us  lioth  with  engine  design  rules 
for  possible  future  aircraft  engmesj  and  will  provide  the  Department 
of  Transportation  with  authoritative  technical  data  on  which  they 
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i^other  gap  that  must  be  fiUed  is  the  descreasing  fallout  from 
military  developments  into  the  civil  area.  No  longer  can  the  require¬ 
ments  of  our  civil  aviation  system  simply  follow  prior  developments 
in  the  military  sector.  I  look  forward  here  to  the  increasing  attention 
in  the  NASA  research  program  to  the  problems  of  civil  aviation  such 
as  engine  noise,  aircraft  safety,  navigation  and  traffic  control,  pilot 
training,  etc.,  and  to  the  emergence  of  close  programmatic  and 
working  relationships  between  the  NASA  and  DOT  along  the  lines 
that  have  existed  for  decades  between  the  NASA  and  the  DOD  and 
their  respective  predecessor  agencies. 

In  the  long  run,  it  is  of  the  utmost  importance  that  the  support  of 
the  NASA  aeronautical  research  program  be  kept  free  frcan  financial 
dep^dence  on  the  user  agencies  or  industry.  Re^rch  is  a  long-range 
business,  and  cannot  be  conducted  with  a  year  by  year  dependence  on 
someone  else’s  budget.  Continuity  of  effort  is  more  important  than 
higher  average  buc&ts  obtained  through  a  process  of  periodic  build- 
ingup  and  phasing  down. 

rmthermore,  user  agencies,  with  their  pressing  and  important  prob¬ 
lems  of  the  day,  cannot  be  expected  to  support  or  even  understand 
the  reach  bOTond  today’s  probmns  into  the  luture  that  is  so  essential 
to  growt^  And  finally,  those  whom  we  would  serve  are  deserving  of 
an  objectivity  that  can  only  cmne  from  independwice  of  support.  The 
long  and  successful  history  of  NACA  proves  the  ability  of  an  inde¬ 
pendently  supported  agency  to  respond  to  the  needs  of  others. 

And  lartly,  a  word  about  our  people — our  most  precious  commodity. 
We  have  today,  as  I  noted  earlier,  a  work  force  of  some  5,000  men  and 
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women  in  NASA  engaged  in  the  broad  held  of  aeronautic^al  researcli. 
This  is  a  strong  capability  that  is  produciM  valuable  products,  and 
which  is  a  good  base  upon  wliich  to  build.  The  constantly  shrinking 
E.  &  P.M.  budget,  and  the  virtual  luring  freeze  that  has  been  necessary 
at  our  major  research  centers  is,  however,  a  matter  of  deep  concern. 

As  I  return  to  our  research  centers  and  visit  the  laboratories  where 
the  work  is  done,  I  am  deeply  disturbed  by  the  relatively  smaller  pro¬ 
portion  of  young  pwple  about.  I  therefore  strongly  urge  your  supixn  t 
of  efforts  to  reinstitute  the  ability  to  bring  3'oung  college  graduates 
into  our  centei's.  While  the  funds  leqiiired  aie  relatively  small,  we  arc 
getting  close  to  reaping  the  bitter  fiauts  of  an  aging  research  organiza¬ 
tion.  The  loss  of  a  proper  skill  mix  that  is  impost  by  such  [lersoiinel 
limitations  also  lesults  in  a  degradation  or  interriiptioji  of  skills  and 
services  that  can  have  far-reaching  implications  on  the  total  oi)eration 
of  a  center. 

I  am  speaking  here  not  of  the  total  level  of  activity  that  ma\'  la? 
underway  at  any  particular  time,  but  of  the  long-range  streiigth  and 
vitality  of  our  Federal  research  laboratories  that  haA  o  served  us  ^^ell 
for  many  decades  and  which  are,  in  many  ways,  our  best  hope  for  the 
future. 

That  completes  my  prepared  statement,  Mr.  Chairman. 

Mr.  Heckler.  I  congratulate  you,  Mr.  Lundin,  on  an  outstanding 
analysis  of  the  ongoing  programs  for  aeronautical  research,  and  also 
for  posing  some  of  the  problems  that  we  are  going  to  confront  and 
have  to  grapple  with  in  the  future. 

You  mentioned  here  the  age  of  the  5,OCM3  employees.  You  may  not 
have  fibres  on  this,  but  I  think  it  would  be  helpful  to  have  someone 
in  NASA  supply  us  some  more  specific  average  age  figures  which  go 
back  a  few  years — say  to  1960,  when  you  probably  had  less  employees — 
and  the  age  of  those  employees  at  that  time.  I  assume  they  weren’t  all 
the  same  employees. 

Mr.  Luxdin.  Yes,  Mr.  Chairman.  I  would  be  glad  to  provide  that 
information  for  the  record,  and  I  would  apfireeiate  the  opportunity 
to  comment  further. 

If  we  simply  compare  the  average  age,  that  is  not  a  true  measure 
of  the  problem  I  am  concerned  with.  The  average  age  in  our  centers 
now — and  it  varies  from  center  to  center,  so  I  can  be  only  approximate 
at  this  moment — is  somewhere  in  the  neighborhood  of  38  to  40  years. 

If  we  look  back  to  1960,  we  may  find  that  it  is  3  or  4  years  younger 
than  that.  But  what  is  giving  me  even  a  greater  concern  than  the 
average  age  is  the  absence  of  young  people  in  their  twenties  doing 
research.  There  is  a  smaller  proportion  or  percentage  of  younger 
people  in  the  laboratories  now,  that  is  not  fully  reflected  in  computa¬ 
tions  of  average  age. 

(The  material  requested  is  as  follows:) 

The  problem  discussed  by  Mr.  Lundin  Is  the  inability  on  the  part  of  N.\SA 
in  general,  and  OART  in  particular,  to  maintain  the  inflow  of  young  people  into 
NASA  laboratories.  This  situation  results  from  two  principal  compounding 
factors.  First  is  the  successive  reductions  in  authorized  ceilings,  amounting  to  over 
1,000  iwsltlons  in  the  last  3  years.  Secondly  the  attrition  rate  at  all  Centers 
has  always  been  modest,  and  in  the  last  2  or  3  years  only  half  of  that  of  more 
normal  times.  These  two  factors,  In  combination,  have  precluded  hiring  of  special 
skills  and  young  college  graduates  Into  OART  Centers. 

The  most  serious  aspect  of  this  problem  is  the  absence  of  young  people 
with  special  highly  needed  skills  at  our  Centers.  As  shown  in  the  attached 
table,  the  entrance  of  college  graduates  into  our  Centers  has  dropped  from  a 
38-681—70 - 11 
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normal  value  of  179  In  1966  and  165  in  1967  to  only  23  last  year.  As  n  result,  the 
number  of  scientists  and  engineers  under  the  age  of  30  has  decreased  by  200. 
or  nearly  20  percent,  within  the  last  2  years. 

The  effect  of  this  situation  is  twofold.  In  the  near  future,  because  of  dispropor¬ 
tionate  separations  in  some  skills  categories,  the  skills  balance  required  for 
effective  operations  will  be  lost.  Of  even  more  Importance  is  the  inability  to 
bring  into  the  OART  organization  fresh,  new  talent  that  is  the  life  blood  of 
any  research  grouii. 


New  hiret  of  *eienti»t»  and  engineers  under  SO  years  of  age 


Fiscal  year : 

1966  _ 

1967  _ 

1968  _ 

1960  _ 


179 

163 

77 

23 


OART  SCIENTIST  AND  ENGINEERS  UNDER  30 


Jana  30, 1967  Juna  30, 1968  June  30, 1969 


ARC.. 

EHC.. 

FRC,. 

LRC.. 

LaRC. 


123 

129 

102 

67 

81 

78 

59 

57 

50 

409 

407 

321 

344 

327 

268 

Tohl,  OART. 
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Mr.  Hechij®.  The  reservoir  is  getting  depleted,  so  you  look  for¬ 
ward  to  some  barren  years  in  some  areas  ? 

Mr.  Lundik.  Yes.  Another  munber  that  might  reveal  this  to  von, 
Mr.  Chairman,  is  that  we  have,  in  the  five  research  centers  for  which 
I  am  Still  resronsible  as  Associate  Administrator  of  OART,  tradi¬ 
tionally  brought  into  our  research  centers  between  150  and  200  collejre 
graduates  every  year.  For  the  last  2  or  3  years,  that  inflow  of  young 
college  graduates  has  virtually  disappeared,  so  this  clearly  results 
in  a  lEick  of  youth  coming  into  the  centers. 

Statistics  are  not  available,  but  I  can  assure  you  also  that  there  is 
the  situation  that  the  young  people  that  have  come  into  our  centers 
over  the  past  5  or  6  years,  particularly  in  the  period  from  1960  to 
1965j  have  tended  to  go  into  more  of  the  space-oriented  than  the  aero- 
nautlcally-oriented  activity,  because  in  those  years,  1960-65,  the  .space 
technology  was,  of  course,  the  more  attractive  field  for  young  people. 

Mr.  Hechler.  Well,  we  are  going  to  explore  this  subject  in  a  little 
more  depth  with  Dr.  Stever  and  Dr.  Bisplinghoff.  Any  data  that  you 
can  supply  that  would  enable  us  to  pin  down  both  the  problem  and 
the  effects  of  the  problem,  and  the  future  of  what  the  problem  is  likely 
to  be  and  what  could  be  done  about  it,  would  be  extremely  helpful  to 
the  committee. 

Mr.  Lunuin.  I  would  be  pleased  to  do  that. 

Mr.  Hechler.  I  hope  you  will  supply  that  for  the  record. 

How  many  centers  are  now  wortang  on  aeronautics  ? 

Mr.  Lxjndin.  For  the  most  part,  five.  Lewis,  Langley,  .4.mes,  Flight 
and  Electronics  Research  Center.  Some  specialized  or  selected  work 
identified  as  aeronautics  is  going  on  at  the  Marshall  Space  Flight  Cen¬ 
ter,  and  the  Manned  Spacecraft  Center  in  Houston.  But  it  is  where 
they  have  special  selected  skills,  rather  than  a  broadly  based  program. 

Mr.  HECHiiER.  Are  there  any  advantages  or  disadvantages  in  cen¬ 
tralizing  this  work  ? 


159 


Mr.  Lundin.  Yes,  and  it  depends  on  what  we  mean  by  “centralize.” 
Each  center  has,  and  I  believe  stroixely  needs,  what  I  sometimes  call  a 
pole  to  rally  round,  a  central  area  of  responsibility,  so  tliat  everybody 
m  the  center,  from  the  center  director  on  down  to  the  working  people 
at  the  bench  feel  “this  is  my  responsibility  and  area  of  expertise,  tliis 
is  where  my  agency  and  my  country  is  counting  on  me.” 

For  instance,  Lewis  is  traditionally,  and  we  feel  very  much  that  we 
are,  a  propulsion  center.  Work  in  aer^ynamics  is  the  strong  point  at 
both  Ames  and  Langley.  Simultators,  as  I  mentioned,  are  at  both 
Ames  and  Langley.  High  temperature  materials  at  Lewis  and  struc¬ 
ture  at  Langley.  We  look  to  Ames  and  to  our  center  in  Houston,  the 
Manned  Spacecraft  Center,  for  research  in  human  factors,  the  Elec¬ 
tronics  Research  Center  for  the  centralized  electronic  activities. 

So  each  center  tends  to  have  a  major  technical  pole  to  rally  round, 
and  in  that  sense  it  is  centralized. 

An  incieasing  trend,  and  a  matter  that  we  have  given  our  atten¬ 
tion  to  quite  a  bit  recently  here  at  headquarters,  however,  is  how  the 
different  enters  must  relate  and  coordinate  their  activities,  because 
as  I  mentioned,  we  are  no  longer  dealing  with  separate  pieces.  It  is 
quite  l^hly  integrated. 

For  instance,  we  have  engine  and  inlet  work  going  on  at  Lewis  now 
that  is  a  common  program  with  engine  inlet  flight  maracteristics  and 
flight  testing  at  our  Flight  Research  Center,  on  the  F-111  airplane. 
This  is  more  and  more  typical  of  the  different  centers,  where  they  have 
to  join  into  a  total  system  view,  each  contributing  from  their  area  of 
ex^rtise. 

Mr.  Hechler.  I  have  just  one  more  question  before  I  yield  to  other 
members  of  the  committw. 

I  have  expressed  in  this  committee  what  I  think  is  the  need  for  an 
expression  of  national  aeronautics  and  aviation  policy,  at  the  highest 
level.  If  such  a  policy  were  expressed,  what  effect  would  it  have  on  the 
work  at  these  five  centers?  Would  there  be  any  advantages  or  dis¬ 
advantages  for  NASA’s  work  if  such  a  policy  were  formulated  ? 

Mr.  Ltdndin.  I  guess,  Mr.  Chairman,  that  would  depend  on  what 
the  policy  turned  out  to  be. 

Mr.  Hechler.  This  gives  you  a  free  and  open  opportunity,  then, 
to  give  any  views  you  care  to. 

Mr.  Lundin.  I  feel  a  certain  amount  of  confidence,  if  I  may,  Mr. 
Chairman,  in  the  stability  and  value  of  our  Federal  research  labora¬ 
tories.  I  think  a  policy  might  be  helpful  in  perhaps  further  clarifvung 
roles  and  responsibilities  among  the  agencies.  Th^  might  be  a  helpful 
thing  for  organizing  programs  for  the  centers. 

Mr.  Hechler.  You  had  a  fascinating  phrase  on  page  12,  at  the  top 
of  the  page  nere,  where  you  say : 

To  affect  solntlona  here,  we  will  need  both  new,  complex  and  expensive 
research  facilities  capable  of  dealing  with  big  system  problems  and  new  working 
relationships  and  political  arrangements  among  the  several  agencies  of  the 
Government  and. industry  who  are  inescapably  involved. 

I  didn’t  realize  they  had  political  problems. 

Mr.  LtTNDiN.  Yes.  I  paused  a  bit  before  I  used  the  word  “political,” 
but  I  just  couldn’t  find  another  one  more  apt.  What  I  had  in  mind 
were  things  such  as  the  AACB,  interagency  committees  and  panels, 
and  such  relationships  among  agencies. 
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We  have  many  of  those  now  between  NASA  and  the  Depaitinent 
of  Defense,  and  I  see  perhaps  more  of  them  will  be  develop^  in  the 
future  between  NASA  and  other  agencies.  My  meaning  of  the  word 
“political”  was  joint  boards  or  panels  or  working  relationships  of 
that  sort. 

Mr.  Hechler.  I  have  several  questions  w’hich  I  wdll  defer  until  I 
recognize  other  members  of  the  conunittee. 

Mr.  Pclly. 

Mr.  Pelly.  Thank  you,  Mr.  Chairman. 

Mr.  Lundin,  I  think  I  am  correct,  am  I  not,  that  in  the  main  you 
take  satisfaction  in  your  achievements  and  your  activities,  and  the 
morale  of  your  organization  is  high  ? 

Mr.  Lun'din.  Yes,  sir,  I  believe  it  is  quite  high. 

Mr.  Pelly.  One  need  that  you  feel  is  for  additional  or  updated 
re.search  facilities? 

Mr.  IjUndin.  Yes,  very  definitely.  The  facilities  are  the  tools  that 
are  used  by  our  people,  and  they  need  to  be  continually  brought  up 
against  an^  made  suitable  for  the  technologies  of  the  future,  against 
the  edge  of  the  technology  we  are  dealing  with.  I  have  a  concern  about 
the  much  lower  rate  of  building  aeronautical  research  facilities  in  the 
past  decade  than  in  the  previous  years. 

Mr.  Pelly.  Is  the  obsolescence  rate  of  research  facilities,  then,  very 
high  ? 

Mr.  Lttndin.  No,  sir.  It  is  not  so  much  obsolescence.  We  ?  re  still 
using  some  of  the  very  first  facilities  we  built  10  and  20  oi  ^^erhaps 
30  years  ago.  They  have  been  continually  updated  by  modification  and 
alteration.  But  we  need  facilities  that  are  suited  to  the  new  problems 
ahead,  that  the  current  ones  cannot  deal  with. 

For  instance,  as  a  simple  example,  at  one  time  all  of  NACA’s  wind 
tunnels  were  subsonic  in  character,  and  in  the  late  1940’s  we  could  see 
that  the  new  technical  area  to  be  engaged  in  was  supersonic  flight, 
so  we  built  supersonic  tunnels. 

.So  I  call  attention  to  what  I  feel  may  be  needed  future  facilities  in 
such  areas  as  avionics  or  the  transonic  sprod  regime.  These  are  areas 
we  are  not  facilitated  adequately  to  cope  with.  But  our  facilities  really 
have  an  amazing  way  of  refusing  to  become  obsolete. 

Mr.  Pelly.  You  mentioned  your  quiet  engine  program.  Are  you 
satisfied  with  the  progress  that  is  being  made  in  this  area  ? 

Mr.  Lustdin.  Yes,  I  am.  However,  it  is  a  2i/^-  or  3-year  program, 
in  which  we  have  been  engaged  only  the  first  fi  months.  We  are  ready 
for  the  design  review  of  the  first  designs,  and  are  to  be  within  the  next 
month  ready  to  pick  up  the  option  to  proceed  into  hardware  fabrication, 
and  I  am  satisfied  with  the  progress  that  has  been  made  to  date. 

Mr.  Pelly.  You  are  aware  of  the  1968  Noise  Abatement  Control  Act, 
which  w'as  passed  by  Congress  in  1968.  Are  we  making  progress  as 
certainly  indicated  by  the  Congress  that  we  want  to  make  progress  in 
the  field  of  noise  control? 

Mr.  Ll'ndin.  Yes,  sir.  Good  progress  is  being  made  in  some  areas. 
For  instance,  the  acoustical  treatment  for  the  inlet  duct  that  we  did 
research  on  at  Langley,  first  in  small-scale  models  and  then  in  proof - 
of -concept  work  in  airplanes  where  we  made  actual  measurements  in 
flight. 
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Different  designs  of  acoustical  treatment  showed  that  we  can  reduce 
the  noise  level  between  10  and  15  PXDb,  and  that  is  a  significant  re¬ 
duction  in  noise.  It  is  equivalent  to,  say,  removing  the  noise  source 
about  three  times  as  far  from  you. 

It  is  most  effective  on  the  landing  noise,  rather  than  the  takeoff 
noise.  Progress  in  the  jet  noise  area  is  currently  underway  rather 
intensively,  but  I  don’t  have  such  final  results  to  report  to  you.  But 
there  has  been  progress. 

Mr.  Pei.i.y.  Tne  reason  I  asked,  that  question  is  because  while,  I  was 
reading  the  Congressional  Record  this  morning  before  breakfast,  1 
noticed  one  of  my  colleagues  had  inserted  a  statement  in  the  Record 
which  said  that  after  17  months,  since  the  1968  passage  of  the  Noise 
Abatement  Control  Act,  literally  nothing  has  been  done  to  implement 
the  mandate  of  the  act  to  provide  for  the  control  and  abatement  of 
aircmft  noise  and  sonic  boom. 

And  I  took  exception  to  that,  bec.vuse  I  feel  a  great  deal  has  been 
done. 

Mr.  Lundix.  I  think  yon  are  correct,  Mr.  Pelly,  but  I  also  well  un¬ 
derstand  the  impatience.  Work  on  noise  within  NASA  and  else¬ 
where  really  received  its  major  impetus  only  3,  perhaps  4  5'ears  ago, 
and  it  characteristically  requires  something  in  the  range  of  7  to  10  and 
perhaps  12  years  to  see  the  results  of  the  research  finding  their  way 
into  an  operating  aii-plane. 

Mr.  Pelly.  TVell,  this  is  the  point  that  I  was  hoping  that  you  would 
comment  on.  It  seems  to  me  that  it  does  take  a  long  time  to  translate 
the  progress  that  is  made  in  the  laboratory  into  the  final  test  that  coine.s 
with  the  noise  that  exists  around  airports,  and  with  engines. 

But  I  see  progress,  my^self,  in  my  own  personal  test,  which  has  to 
do  with  a  707  that  us^  to  fly  over  my  house  out  near  Seattle :  and  now 
the  747,  at  about  the  same  height,  I  notice  a  tremei^ous  improvement. 

And  this  all  comes  from  a  laboratory  investigation  and  experiment 
and  eventual  progress  that  translates  itself  into  the  engine. 

I  certainly  agree  with  the  chairman  that  you  have  made  a  very  fine 
statement  here,  one  that  to  me  certainly  inrJicajtes,  as  I  said,  satisfac¬ 
tion  in  your  achievements  in  the  field  in  which  you  are  so  interested. 
I  certainly  appreciated  your  statement  here  this  morning. 

Thank  you. 

Mr.  Litxdin.  Thank  you  very  much,  sir. 

Mr.  Hechler.  Mr.  Fulton. 

Mr.  Fxjltox.  I  am  glad  to  have  you  here.  I  am  sure  the  chairman  ap¬ 
preciates  you  particularly  because  of  your  use  of  the  English  language. 
As  a  fellow  author,  I  am  sure  he  appreciates  your  good  usage. 

I  was  at  the  retirement  dinner  for  Dr.  Abe  Silverstein.  formerly 
the  head  of  Lewis  Center,  Saturday  evening.  I  have  been  one  of  his 
admirers,  so  I  would  like  the  record  to  show  we  feel  that  under  his 
leadership  the  Center  has  certainly  done  well,  and  fulfilled  the  re¬ 
search  and  development  requirements  of  this  country  in  veiw  difficult 
years. 

My  question  is  on  the  integration  of  NASA  centers  with  the  centers 
of  technology  that  are  out  in  commerce,  private  industry,  as  well  as 
in  universities  and  colleges.  With  the  chairman’s  permission,  would 
you  put  a  statement  in  the  record  on  this,  so  that  we  can  see  how 
you  relate  to  the  general  area  of  reference  of  research  and  develop¬ 
ment  in  this  country  ? 
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Mr.  Luxdix.  Yes,  sir.  In  industry,  universities  and  colleges  ? 

Mr.  Fulton.  Yes. 

Mr.  Lundin.  I  would  he  very  pleased  to. 

(Information  requested  is  as  follows :) 

Aeronautical  research  and  development  in  the  United  States  has  alway.s  in¬ 
volved  a  close  relationship  between  government  and  industry  and  both  have 
relied  on  universities  for  the  training  of  men  and  women  in  the  aeronautical 
sciences  and  for  fundamental-type  research.  Government  involvement  in  aero¬ 
nautical  research  started  over  a  half  century  ago  and  a  primary  reason  was 
that  large  wind  tunnels  and  related  facilities  were  too  expensive  for  an  individ¬ 
ual  company  or  university  to  support  The  use  of  these  government  facilities 
for  many  years  has  brought  government,  industry  and  university  research  teams 
close  together.  Military  requirements  for  continuing  improvements  in  aviation 
capabilities  also  drew  Industry  and  government  into  integrated  efforts.  In  recent 
years,  industry  has  built  many  new  and  large  facilities  but  these  are  used  pri¬ 
marily  for  development  testing,  and  industry  sees  the  need  for  the  government 
to  have  facilities  for  advanced  aeronautical  research. 

At  the  present  time  integration  of  effort  between  government  agencies  and 
between  the  government  and  the  private  sector  takes  many  forms.  Within  the 
government  there  are  coordinating  organizations  such  as  the  Aeronautics  and 
Astronautics  Coordinating  Board  and  its  various  panels  and  subpanels.  An 
example  of  government,  industry  and  university  coordination  is  represented  by 
tbe  NASA  Research  and  Technology  Advisory  Council  and  Its  Committees  and 
Subcommittees  which  for  aeronautics  and  space  involves  about  two  hundred 
members  from  universities  and  industry,  about  fifty  from  other  government 
agencies,  and  over  a  hundred  from  NASA. 
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Mr.  Fulton.  That  is  all,  Mr.  Chairman.  Thank  you. 

Mr.  Hechler.  Mr.  Lukens. 

Mr.  Lukens.  Thank  you,  Mr.  Chairman. 

Mr.  Lundin,  I  would  like  to  ask  two  quick  question.^.  No.  1,  of  the 
5,000  employees  you  referred  to,  how  many  of  those  are  actually  en¬ 
gaged  in  laboratory  work  ? 

Mr.  Lundin.  I  will  give  >ou  two  sets  of  numbers.  If  that  doesn’t 
answer  your  question,  I  will  try  again. 

Of  the  5,000,  about  3,500,  roughly,  are  what  we  call  direct  people. 
The  other  1,500  are  generally  classified  as  indirect  people,  whose  work 
is,  say,  in  procurement  offices,  administrative  and  management,  plant 
operations,  who  are  not  directly  charged  to  an  aeronautical  program. 

The  ratio  of,  say,  professional  to  technician  or  support  generally 
runs — well,  at  the  Lewis  Ke.search  Center,  of  4,200  total  staff,  about 
1,700  are  research  professionals.  It  is  about  a  l-to-2  ratio. 

Mr.  Lukens.  Thank  you. 

And  one  last  question  which  I  wanted  to  ask.  It  will  probably  be  a 
quick  question,  but  not  such  a  quick  answer. 

Since  there  is  such  a  great  need  for  close  coordination  with  what 
you  do,  how  we  are  trying  now  to  devise  total  systems  to  replace  other 
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systems,  rather  than  just  an  engine  component  or  air  frame  compo¬ 
nent  ^  How  does  your  Lewis  Research  Center  coordinate  the  overall 
planning  of  this  with  other  developments  in  the  industry  at  various 
other  areas  <  Through  what  boards  ^  What  agencies?  How  closely  can 
we  really  coordinate  all  this  going  on  at  one  time  in  America  ? 

Wo  are  talking  now  about  technology  utilization.  How  closely  can 
we  coordinate  development  of  new  plants  and  new  items  ? 

Hr.  LtjXdin.  There  aie  two  levels  or  areas  of  coordination.  One  is 
coordination  which  occurs  at  fairly  high  levels  here  in  Washington, 
such  as  the  AACB,  or  our  advisory  committee  system,  which  includes 
other  agencies,  industry,  universities,  and  so  foith.  And  tliat,  I  don’t 
think,  is  too  difficult  a  matter. 

And  then  you  will  also  find  a  ver}-  high  degree  of  coordination  of 
work  of  one  group  with  another,  in  an  area  such  as  materials  or  elec¬ 
tronics,  at  the  working  level,  where  there  is  essentially  a  fraternity  of 
people  who  are  exchanging  their  points  of  view  and  their  ideas  and 
concepts  at  meetings,  m  correspondence  and  in  visits,  almost  con¬ 
tinuously. 

Mr.  Lukens.  Pardon  me,  sir. 

Mr.  LrxDiN.  Yes. 

Mr.  Lukexs.  May  I  interrupt  you  i’ 

Mr.  LrNDix.  Yes,  sir. 

Mr.  Lukens.  Is  that  an  informal  structure,  then?.  The  so-called 
fraternity  ? 

Mr.  Lunmn.  Yes. 

Mr.  Lukens.  Just  so  closely  knit  by  mutual  interests - 

Mr.  Lundin.  Yes;  mutual  intere.sts. 

Mr.  Lukens.  That  it  occurs  by  nature. 

Mr.  Lundin.  Material  specialists,  say,  have  their  counterparts  on 
a  friendly  personal  basis  at  other  locations,  and  they  keep  amazingly 
good  ti’ack  of  what  the  other  fellow  is  doing. 

Mr.  Lukens.  Are  there  any  areas  of  research  you  found  had  been 
oi  eilooked  in  the  past  that  are  now  drawn  into  this  commonality  of 
interest,  in  this  fraternity  ?  I  mean,  has  there  been  any  work  done 
anywJiere  at  any  level,  in  any  area  of  American  technical  society,  that 
now  we  have  discovered  can  be  drawn  in  further,  such  as  independent 
work  on  tlie  campus  that  was  not  known  before? 

What  assurance  do  we  have  that  we  are  not  overlooking  or  over¬ 
lapping  soniewjiere  in  the  field  of  research?  This  is  what  I  am  really 
getting  at.  We  have  no  virtual  assurance  of  that. 

Mr.  Lundin.  Xo  ;  Ave  do  not.  We  are  looking  all  the  time.  I  cannot 
promise  you  that  I  am  not  overlooking  something 

Mr.  liUKENs.  Thank  you. 

Thank  you,  Mr.  Chairman. 

Mr.  Hechler.  Thank  you,  ilr.  Lukens. 

Mr.  Goldwater. 

Mr.  Goldwater.  Thank  you,  Mr.  Chairman. 

Mr.  Lundin,  in  the  testimony  that  we  hear,  there  ahvays  seems  to  be 
a  tremendous  emphasis  on  commercial  aviation.  I  am  just  wondering 
whether  you  feel  that  the  research  done  on  commercial  aviation,  even 
on  space,  is  benefiting  in  general  aviation  the  airplanes  wl  ,ch  are  in 
the  majority  in  this  country? 


If  so,  how  is  this  information  or  research  being  disseminated  do  .n 
to  the  g^eral  aviation  people,  so  that  they  understand  it.  not  being 
as  technical  or  as  knowledgeable  in  the  technical  field  ? 

Mr.  Lttndin.  Yes.  I  think  your  observation  is  valid.  Mr.  Goldwater. 
that  most  of  NASA  research  is  devoted  to  problems  of  military  and 
civil  aviation,  such  as  noise,  safety,  and  economy,  and  that  the  tedi- 
nical  problems  of  general  aviation,  the  small  private  owners,  or  tlie 
small  airline  probably  are  deserving  of  increased  attention. 

That  it  has  not  received  a  major  focus  in  our  research  programs 
that  the  other  areas  have  is  perhaps  because  it  lacks  a  unified  in¬ 
dustry,  an  agency,  of  the  Government  or  that  sort  of  focus. 

Their  problems  in  the  past  have  not  been  highly  technical,  either. 
They  have  been  more  oriented  toward  costs  and  economy  of  oper¬ 
ation.  But  it  is  a  field  that  I  think  should  be  deserving  of  incieased 
attention,  particularly  as  these  smaller  airplanes  enter  more  and 
more  the  crowded  traffic  patterns,  and  fly  at  higher  speeds. 

Mr.  Goldwater.  Especially  in  the  area  of  safety. 

Mr.  Lundin.  Yes.  We  are,  as  you  know,  doing  some  work  in  con¬ 
nection  with  safety,  including  investigating  spin  characteristics  of 
light  aircraft  and  the  application  of  yaw  dampers  to  control  dutcli 
roll  characteristics.  You  mentioned  the  proximity  warning  deiices. 
So  where  we  can  find  something  that  will  contribute  to  the  safety  of 
^ch  aircraft,  and  we  have  the  capability  to  work  on  it.  we  think  that 
is  a  useful  thing  to  do. 

Mr.  Goldwater.  How  close  are  )'ou  to  developing  the  proximity 
locater? 

Mr.  Lundin.  I  will  have  to  provide  that  for  the  record.  We  are 
planning  flight  tests,  but  I  cannot  give  you  a  date  on  wlien  they  are 
planned. 

Mr.  Gouiwater.  I  would  be  interested  in  seeing  that. 

Mr.  Lundix.  Yes. 

Mr.  Goldwater.  There  was  so  much  talk  about  it,  but  no  one  seems 
to  come  up  with  any  concrete  answers. 

Mr.  Lundin.  There  is  a  date  planned  for  when  it  wilt  he  fliglit 
tested,  but  I  am  not - 

Mr.  Hechij;r.  Electronics  Re.search  Develojmient,  isn’t  it  ? 

Mr.  LtJNDix.  Yes. 

Mr.  Heohler.  And  we  are  having  the  head  of  Electronic.s  Reseaich 
Center  down  to  testify. 

Mr.  Goldwater.  Yes. 

Mr.  Lundin.  He  will  surely  know. 

Mr.  Goldwater.  Thank  you  very  much. 

Mr.  Hechler.  Well,  this  line  of  questioning  that  Mr.  Goldwater 
pursued  on  the  need  for  additional  research  in  general  aviation,  I 
think,  underlines  what  I  was  driving  at,  of  the  need  for  an  overall 
top  level  policy  that  can  fill  these  gaps. 

But  it  is  something,  I  think,  that  can  and  certainly  needs  to  he 
done.  I  noticed  several  comments  here  that  I  would  like  to  get  clari¬ 
fied  in  your  statement.  Page  13,  at  the  bottom  of  the  paragiapli  at 
the  top  of  the  page,  you  say,  “We  will  be  paced  here  for  some  time 
to  come  by  the  capabilities  of  our  experimental  facilities.’’ 

Then  a  sentence  on  page  14,  in  the  middle,  you  say,  “Just  what  these 
future  research  facilities  should  be  is,  for  the  most  part,  for  others  to 
determine.” 
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Finally,  at  the  bottom  of  page  14,  and  at  the  top  of  page  15,  ‘‘We 
should,  I  believe,  concentrate  a  little  more  on  doing  and  a  little  less 
on  studies." 

Naturally,  we  in  Congress  are  interested  in  action  as  well  as  studies, 
but  we  feel  the  absence  of  serious  planning  for  future  requirements 
that  is  going  on  in  NASA,  and  we  would  not  want,  by  the  emphasis  on 
action,  for  you  to  downgrade  the  amount  of  planning  for  future  re¬ 
quirements  that  we  think  is  absolutely  necessary  if  we  are  going  to 
go  in  the  right  direction. 

Now,  all  these  things,  of  course,  tie  in  with  what  I  was  saying  before, 
about  the  necessity  for  some  type  of  leadership  statement  that  can 
enunciate  national  goals  and  priorities,  and  help  tie  all  this  together, 

Elus  the  need  for  the  planning  for  future  requirements  which  must 
e  done  inside  of  an  organization  like  NASA,  if  we  are  going  to  go  in 
the  right  direction. 

We  can't  let  this  entirely  be  dictated  by  what  somebody  says  on  the 
outside,  or  who  screams  the  loudest  at  a  particular  time.  Would  you 
care  to  comment  on  any  of  this  ? 

Mr.  Lundin.  Yes,  sir.  I’m  sorry  that  my  words  may  have  carried 
the  implication  that  I  think  we  should  do  less  planning.  Perhaps  I 
should  have  said  we  should  concentrate  more  on  doing,  putting  em¬ 
phasis  on  experimental  hardware  from  which  to  learn  solid  technical 
things,  and  less  on  design  or  systems  studies. 

I  think  we  need  to  give  more  attention  to  planning  and  to  experi¬ 
mental  hardware,  and  it  was  a  matter  of  emphasis.  Doing  paper  de¬ 
sign  a  system  studies  is  no  substitute  for  learning  by  running  experi¬ 
mental  hardware,  is  the  point  I  wished  to  make. 

Mr.  Hechler.  This  committee,  as  you  know,  has  been  very  generous 
in  the  field  of  aeronautics,  and  in  .support  of  aeronautics.  In  fact,  we 
have  pushed  a  lot  harder  than  NASA  and  the  Bureau  of  the  Budget 
have  in  terms  of  authorizing  funds. 

You  mentioned  the  need  for  facilities.  I  find  it  difficult  to  figure  out 
just  what  this  committee  has  failed  to  do  in  terms  of  support  of  fa¬ 
cilities,  or  what  really  needs  to  be  done.  What  specific  facilities  are 
you  referring  to  now  that  we  ought  to  be  supporting  ? 

Mr.  LrxDix.  I  appreciate  and  applaua  the  support  and  understand¬ 
ing  of  this  committee  for  all  of  our  a  :'ronantical  activities.  I  have  no 
specific  facilities  in  mind  at  this  time.  1  was  taking  a  longer  range  view, 
and  calling  attention  to  the  fact  that  it  is  my  feeling  that  we  need  to 
do  more  aeronautical  research  facility  building  in  this  country  in  the 
decade  ahead  than  we  have  done  in  the  past  decade. 

I  then  wished  to  identify  for  the  committee  what  I  think  some  of 
the  characteristics  or  the  areas  of  future  need  that  these  facilities  should 
be  directed  at,  such  as  avionics,  total  systems  work,  transonic  speed 
problems,  and  man-machine  relationships.  It  is  not  possible  for  me  at 
this  time  to  propose  .specific  facilities. 

Mr.  Hechi.er.  I  recall  at  some  point  in  your  prepared  statement 
you  discussed  the  transferability  of  space  technology  to  aeronautics. 
Where  was  that? 

Mr.  Tvrxmx.  In  my  testimony  ? 

Mr.  Hechler.  Yes.  You  made  some  mention  of  the  applicability  of 
what  we  had  accomplished  and  learned  in  space  to  the  development  of 
aeronautics.  I  am  unable  to  put  my  finger  on  it  immediately,  but  I 
seem  to  recall  that.  Oh,  yes,  here  it  is. 
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Mr.  LrNmx.  Page  13. 

Mr.  Hkchi.er.  Page  13,ye.s. 

Mr.  Lun’^dix.  Benefits  from  the  space  program,  yes. 

Mr.  Hecheeh.  Are  there  any  other  ways  in  which  we  could  utilize 
the  tremendous  progress  that  we  have  made  in  space  to  further  aero¬ 
nautical  research?  Are  there  any  blocks  to  the  application  of  these 
things?  Is  there  any  other  mean?  that  we  can  employ  to  derive  the 
greatest  tenefits  that  we  have  achieved  in  space,  and  apply  them  to  our 
aeronautical  research  advances? 

Mr.  Lundin.  I  have  asked  myself  that  question  a  number  of  times, 
and  I  have  really  no  improvements  to  suggest,  Mr.  Hechler.  We  are 
presently  organized  within  OART  along  discipline  lines  such  that  the 
same  groups  and  almost  the  same  people  are  doing  space  technology 
a.s  are  doing  aeronautical  technology,  and  our  centers  tend  to  he  orga¬ 
nized  along  such  discipline  lines  as  electronics  or  propulsion  or  .struc¬ 
tures  materials. 

There  is  no  sharp  division  at  the  technical  working  level  between 
space  and  aeronautical  technolog\%  so  I  can  hardly  find  any  harriers 
here  that  need  to  be  tended  to.  Transference  is  best  achieved  at  the 
working  level  and  the^  discipline  groups  are  well  integrated. 

Mr.  Hecht.er.  Administratively,  then,  yon  think  the  arrangement  is 
satisfactory  ? 

Mr.  LtTNniN.  Administratively  and  organizationally,  I  cannot  think 
of  any  way  to  further  strengthen  it. 

Mr.  Hechler.  One.  final  question.  Technically,  is  there  any  way  in 
which  any  of  the  advances  that  we  have  made  in  space  could  be 
utilized  in  a  more  advantageous  way  to  the  advancement  of  aei’o- 
nautical  progress? 

Mr.  LtTNniN.  They  are  being  made.  As  has  been  mentioned  on  pre¬ 
vious  occasions,  when  we  had  Gemini  ,<midance  eniiipment  in  a  heli- 
conter  to  study  automatic  landing  of  VTOL  aircraft,  as  one  example. 

I  have  no  ready  sugge.«tions  for  increasing  this  flow  of  space  tech- 
nologv  to  aeronautical  technology. 

Mr.  Hechi.er.  Are  there  anv  other  questions  by  members  of  the  com¬ 
mittee  ?  If  not,  we  want  to  thank  you  for  appearing  before  the  com¬ 
mittee.  It  has  been  extremely  helpful,  Mr.  Lundin . 

Mr.  Ltthdin.  Thank  you. 

Mr.  Hechler.  We  will  next  hear  from  Dr.  Raymond  L.  Bispling- 
hoff  and  Dr.  H.  Guvford  Stever. 

Good  Morning,  Dr.  BisplinghofF.  Do  you  want  to  go  first? 

Dr.  BisPLiJTGHorr.  Thank  you. 

Mr.  Hechler.  Welcome  back  to  the  committee. 

Dr.  Bisflinghoff.  Thank  you  very  much. 

Mr.  Hechler.  We  are  very  pleased  that  you  and  Dr.  Stever  could 
be  with  us  this  morning. 

Dr.  Bispunghoff.  Well,  we  are  honored  to  be  a.sked. 

Mr.  Hechler.  You  may  proceed. 

STATEMENT  OF  DR.  RAYMOND  L.  BISPIJNGHOFF,  CHAIRMAN, 

AERONAUTICAL  AND  SPACE  ENGINEERING  BOARD  NATIONAL 

ACADEMY  OP  ENGINEERING 

Dr.  Bisflinghoff.  We  sincerely  appreciate  this  opportunity  to  come 
here  today,  both  Dr.  Stever  and  myself,  to  express  onr  views  on  aero- 
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nautical  research  and  development.  And  I  am  particularly  happy  to 
be  here  today,  because  I  was  unable  to  accept  your  previous  invitation 
to  appear  wnen  hearings  were  held  on  this  same  subject  a  little  ox  er 
a  year  ago. 

However,  at  tliat  session  you  will  recall  that  Dr.  Stever  did  apjiear 
and  discussed  with  you  the  civil  aviation  report  of  the  Aeronautics 
and  Space  Engineering  Board  which  had  just  been  completed  at  that 
time. 

Today  we  thought  it  might  be  useful  to  talie  a  brief  look  at  what  luis 
been  accomplish^  in  the  year  that  has  passed  since  our  report  was 
published,  and  highlight  the  issues  that,  in  our  opinion,  are  still  in 
need  of  attention. 

To  set  the  stage  for  our  assessment,  I  would  first  like  to  summarize 
and  discuss  some  of  the  major  conclusions  and  recommendations  of 
the  Aeronautics  and  Space  Engineering  Board  report.  Dr.  Stever 
will  follow  with  a  review  of  some  of  the  actions  taken  during  the 
past  year,  and  comment  on  the  progress,  or  lack  of  it,  in  solving  some 
of  the  critical  problems  facing  civil  aviation. 

In  addition,  each  of  us  wdlT  comment  briefly  on  the  problems  and 
progress  in  the  trainii^  of  younger  people,  including  engineei’s,  for 
their  ent^  into  the  aviation  field. 

To  begin  with,  then,  I  would  like  to  go  back  to  a  time  about  two 
and  a  hmf  years  ago,  when  Dr.  Stever  and  I  begpi  thinking  seriously 
about  how  to  str^gthen  the  Nation’s  aeronautical  researSi  and  de¬ 
velopment  capability  and  how  to  apply  that  capability  more  effectively 
to  the  problems  of  civil  aviation.  We  talked  about  this  problem  with 
officials  of  the  NASA,  Department  of  Transportation,  Federal  Avia¬ 
tion  Administnation,  the  President’s  Science  Adviser,  some  Members 
of  Congre^,  and  the  National  Aeronautics  and  Space  Comicil. 

These  discussions  confirmed  our  belief  that  a  study  of  the  Govern¬ 
ment’s  role  in  aeronautical  research  and  development  for  civil  aviation 
would  be  a  worthwhile  undertaking  for  the  Aeronautics  and  Space 
Engineering  Board. 

I  won’t  go  into  the  details  of  how  we  conducted  the  study,  since 
that  was  described  and  recorded  in  the  subcommittee  report  of  tlie 
1968  hearings  on  aeronautical  research  and  development.  I  will  simply 
mention  that  we  organized  our  study  effort  in  six  areas — flight  vehicles 
and  propulsion,  aircraft  operations,  air  traffic,  control,  airport  and 
support  facilities,  and  aircraft  noise. 

We  invited  several  engineering  societies  to  assist  in  the  study  and 
received  valuable  assistance  from  the  American  Institute  of  Aero¬ 
nautics  and  Astronautics,  the  American  Society  of  Civil  Engini'ers, 
the  American  Society  of  Mechanical  Engineers  and  the  Society  of 
Automotive  Engineers. 

I  might  mention,  Mr.  Chairmj  n,  that  this  is  the  first  time  that  one 
of  the  academies  have  used  the  professional  societies  in  such  a  comjilete 
xvay. 

The  study  took  about  a  year,  and  was  concluded  with  iiublication  of 
a  summary  report  in  August  1968.  This  study  and  its  follow-on  activi¬ 
ties  form  the  basis  for  many  of  the  remarks  which  will  be  made  today 
by  both  Dr.  Stever  and  myself. 

Not  much  more  than  a  quarter  of  a  century  ago,  civil  air  transpor¬ 
tation  was  the  domain  of  the  enthusiast.  Air  transportation  dei^ended 
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at  first  uix)n  the  enthusiasm  and  devotion  of  its  followers.  It  was 
watched  at  the  same  time  with  indifference  by  the  nonair  traveler. 
If  the  birth  of  air  transportation  had  depended  upon  cost  effectiveness, 
or  even  elementary  economics,  I  think  I  am  safe  in  saying  that  it 
would  have  taken  much  longer  to  develop,  if  indeed  it  would  have 
stai-ted  at  all. 

There  was  a  similar  early  pattern  in  the  early  development  of  flight 
vehicles.  Tliey  were  developed  at  fiist  almost  entirely  by  ad  hoc  experi¬ 
mentation.  There  was  a  certain  disdain  on  the  part  of  the  recognized 
scientist  toward  early  practical  aviation,  not  unlike  that  found  a  few 
years  ago  at  the  beginning  of  the  space  program. 

Yet,  enthusiasts  alone  could  not  have  brought  the  airplane  along 
so  fast  and  so  far.  The  crucial  factor  was  the  stimulus  provided  by 
warfare.  Commercial  air  transport  technology  was  fanned  into  bright- 
ne.ss  by  the  wings  of  combat  military  aircraft.  This  was  once  a  blessing, 
but  now  it  produces  a  problem  because  the  gap  between  military  and 
civil  aviation  is  growing.  The  military  is  relying  more  and  more  on 
missiles  and  highly  specialized  flight  vehicles. 

At  the  same  time,  the  peculiar  conditions  under  which  civil  aviation 
now  operates  have  created  air  vehicles  which  are  economic  only  under 
these  special  conditions.  In  fact,  the  technologies  required  to  achieve 
economies  in  commercial  flight  vehicles  will  increasingly  exceed  in 
sophistication  those  needed  by  the  military.  The  kinds  of  technologies, 
for  example,  that  are  req^uired  to  make  the  supersonic  transport  eco¬ 
nomically  attractive  are  in  manv  ways  more  difficult  to  achieve  than 
the  principal  technological  goal  required  by  the  military:  namely, 
performance. 

It  is  becoming  increasingly  clear  to  me  that  future  flight  vehicles 
for  civil  air  transportation  will  be  influenced  less  and  less  by  develop¬ 
ments  in  military  aeronautical  technology,  and  more  and  more  by 
the  total  air  transportation  system  in  which  they  will  operate. 

In  the  past,  most  of  our  aeronautical  research  and  development 
organizations  have  been  concerned  primarily  with  improving  the 
flight  vehicle.  But  the  flight  vehicle  is  only  one  segment  of  the  total 
air  transportation  system,  and  these  kinds  of  r^arch  and  develop¬ 
ment  organizations  must  now  seek  goals  that  improve  productivity 
of  the  total  system,  not  only  the  flight  vehicle  part  of  that  system. 

This  says  that  civil  aviation  research  and  development  should  be 
directed  toward  the  most  critical  problems  of  the  total  system,  and 
these  problems  may  not  necessarily  be  those  of  improving  the  lift  to 
drag  ratio  of  air  foils,  the  strength  to  weight  ratio  of  materials,  and 
the  thrust  to  weight  ratio  of  engines. 

The  growth  rate  of  civil  aviation  is  going  to  be  the  result  of  a 
balance  between  those  forces  that  tend  to  drive  it  to  high  levels — 
such  as  increasing  public  demand  for  transportation,  and  a  favorable 
economic  climate — and  those  forces  which  will  tend  to  impede  its 
growth. 

A  question  frequently  asked  is  whether  the  historic  upward  trend 
in  the  growth  of  civil  aviation  can  be  expected  to  continue  through 
another  decade  or,  indeed,  through  another  half  decade  in  the  face 
of  the  various  restrictions  which  we  see  coming  into  play. 

I  personally  believe  that  in  a  favorable  climate,  this  upward  trend 
can  be  maintained  and  even  accelerated  if  a  program  of  planning  and 
research  and  development  aimed  specifically  at  the  civil  air  trans- 
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portation  system  is  followed.  This  caunot  be  simply  fallout  from 
tile  res^rch  and  development  program  of  the  military,  but  a  program 
which  is  aimed  specifically  at  tW  civil  air  transportation  system  itself. 

The  pressures  that  are  tending  to  increase  the  growth  of  civil  avia¬ 
tion  are  real  and  will  continue.  I  think  the  most  important  thing  that 
faces  us  now  is  to  identify  and  solve  the  problems  which  might  other¬ 
wise  limit  its  potential.  The  three  most  pressing  problems  today  are 
airport  facilities,  noise,  and  air  traffic  control.  You  may  recall  that 
these  are  the  same  as  those  highlighted  in  our  Board  report  and  dis¬ 
cussed  by  Dr.  Stever  before  the  committee  last  year. 

Any  of  these  can  exert  strong  inhibiting  influences  on  the  growth  of 
air  transportation  unless  satisfactory  solutions  can  be  found.  Tliese 
three  are^,  as  you  recognize,  are  closely  coupled  in  that  they  all  relate 
to  the  ability  of  our  air  transportation  svstem  to  accept  and  dispatch 
aircraft  at  key  terminal  points  with  safety  and  efficiency,  as  well  as 
with  acceptance  by  the  surrounding  community. 

There  are  at  least  two  major  obstacles  to  development  of  an  adequate 
national  airport  system — financing  and  planning.  Before  one  can  do 
anything  amut  this  matter,  it  is  essential  to  have  plans  at  both  tlie 
national  and  regional  levels  that  will  assess  capabilities,  estimate  the 
demands,  and  identify  .steps  necessary  to  meet  requirements. 

Although  very  little  has  been  spent  in  the  past  on  research  and 
development  directed  toward  airports — in  comparison  to  the  research 
and  development  funds  invested  in  flight  vehicles — I  believe  that  sub¬ 
stantial  returns  can  accrue  from  funds  sjjent  in  this  area. 

I  ^ow  there  has  been  increasing  intere.st  in  airport  planning  both 
within  the  Government  and  in  nongovernment  organizations,  and  Dr. 
Stever  will  touch  on  some  of  these  activities  in  his  statement. 

However,  I  am  convinced  that  much  more  needs  to  be  done  in  long- 
range  airport  planning  and  development  at  both  the  national  and  local 
levds,  if  we  are  to  have  the  airport  facilities  ^uired  for  the  ad¬ 
vanced  commercial  transports  that  will  be  flying  in  the  future. 

The  growth  of  civil  aviation  has  brought  a  world-wide  concern  for 
the  noise  produced  by  large  aircraft.  If  one  goes  back  and  looks  at  the 
record,  one  sees  an  increasing  noise  level  with  the  successive  introduc¬ 
tion  of  advanced  aircraft.  And  it  is  very  likely  that  the  introduction 
of  the  new  generations  of  transport  aircraft  will  produce  even  higher 
noise  levels  in  neighborhoods  under  flight  paths  or  to  the  sides  of 
ninways.  The  very  large  engines,  for  example,  in  the  SST  will  pro¬ 
duce  sideline  noise  levels  much  higher  than  any  existing  engines  or 
aircraft. 

It  is  clear  that  the  aircraft  noise  solution  must  include  the  develop¬ 
ment  of  quieter  aircraft.  This  will  not  be  ea.sy,  because  we  are  up 
against  the  laws  of  physics  which  tell  us  that  as  we  increa.se  the  power 
of  engines  and  the  velocity  of  the  jet  efflux  from  the  back  of  tlie  en¬ 
gines,  we  are  naturally  going  to  generate  more  noise. 

In  addition  to  noise  reduction  at  the  source,  we  are  going  to  have 
to  apply  Federal  noise  criteria  and  noise  standards  for  aircraft,  de¬ 
velop  consistent  land  use  practices  in  areas  surrounding  airports,  and 
develop  low-  and  modera  .'-cost  building,  air  conditioning,  and  sound¬ 
proofing  techniques  to  reduce  noise  inside  houses  already  in  such  areas. 

Although  substantial  empirical  knowledge  and  some  scientifi*'  the¬ 
ories  exist  concerning  the  sources  of  aircraft  noise  and  the  technology 
for  its  partial  control,  I  am  sorry  to  say  that  the  scientific  basis  for 
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understanding  the  primary  noise  Mnerating  mechanism  is  inadequate. 

Research  in  this  country  genendly  has  not  b««n  aimed  at  the  funda¬ 
mental  physical  problems  of  jet  noise  generation  and  propagation,  but 
instead  has  been  conducted  primarily  at  the  engineering  level,  and 
consists  largely  of  ad  hoc  attempts  to  reduce  noise. 

There  is  almost  a  total  absence  of  basic  research  in  physical  acoustics 
that  would  further  our  understanding  of  jet  noise.  Current  research 
on  human  reaction  to  aircraft  noise  sliould  also  be  continued  and 
extended. 

With  increased  air  traffic  and  introduction  of  new  kinds  of  aircraft 
noise,  it  is  of  the  greatest  importance  to  have  more  accurate  informa¬ 
tion  about  human  response  to  different  characteristics  of  noise  and 
to  a  total  environment  in  which  noise  may  be  an  important  element. 
And  there  is  a  shortage  of  qualiffed  research  scientists  to  undertake 
such  research  programs. 

Of  course,  right  now,  the  several  arms  of  our  Federal  Government 
are  becoming  very  much  interested  in  investing  money  in  research  and 
development  on  jet  noise  abatement  and  the  propagation  of  jet  noise 
througn  the  atmosphere.  But,  if  we  follow  customs  of  the  past,  as 
soon  as  the  immediate  crisis  is  over  the  money  will  be  withdrawn  and 
no  serious  long-term  program  will  exist. 

I  hope  that  we  will  not  follow  the  past,  because  noise  is  becoming 
increasingly  important  in  all  walks  of  life,  and  we  should  understand 
as  thoroughly  as  we  can  the  basic  mechanisms  for  its  generation  and 
propagation.' 

You  may  think  it  strange  that  I  mention  air  traffic  control  after 
noise  and  airports,  in  view  of  the  recent  difficulties  we  have  had.  I  do 
think,  however,  that  in  terms  of  loi^-term  complexities  of  the  problem, 
the  other  two  problems  are  more  difficult  to  solve. 

The  noise  problem,  for  example,  involves  bucking  laws  of  physics 
which  are  going  to  yield  very  slowly  and  at  great  cost.  The  airport 
problem,  of  course,  involves  more  than  technical  matters;  it  involves 
social  and  economic  and  metropolitan  and  national  planning  prob¬ 
lems  which  I  believe  are  extremely  difficult,  perhaps  the  most  difficult 
of  all. 

As  far  as  air  traffic  control  is  concerned.  I  think  many  of  us  can  see 
long-term  technical  solutions  pro^dding  we  get  to  work  on  the  problem. 
Of  course,  the  air  traffic  growth  recorded  in  >the  past  4  years,  coupled 
with  the  forecast  for  future  growth,  indicates  that  air  traffic  will  be 
increasing  at  a  greater  rate  than  the  present  or  programed  air 
traffic  control  system  can  handle. 

All  of  this  is  clearly  going  to  require  new  approaches  to  air  traffic 
control  in  the  future.  The  forecast  indicates  that  deficiencies  now 
evident  in  the  Nation’s  air  traffic  control  system  will  become  pro¬ 
gressively  worse  unless  strong  measures  are  taken  to  correct  an  im¬ 
balance  in  volume  of  traffic  and  capability. 

I  bel  ieve  there  are  areas  where  more  vigorous  effort  to  apply  exist¬ 
ing  technologies  can  pay  large  dividends  in  evolving  an  adequate  air 
traffic  control  system.  At  the  same  time,  there  are  areas  where  renewed 
emphasis  on  research  and  development  is  clearly  needed. 

In  discussing  each  of  the  three  major  problems  of  civil  aviation.  I 
touched  on  some  general  areas  in  which  more  research  and  develop¬ 
ment  are  needed  to  improve  the  situation.  The  Aeronautics  and 
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Space  Engineering  Board  also  made  other  recommendations  concern¬ 
ing  governmental  responsibilities  in  civil  aviation  researr'^  and  devel- 
mment.  The  first  has  to  do  with  the  organization  of  a  Federal 
wvemment  insofar  as  civil  aviation  research  and  development  is 
concerned. 

The  Board  believes  that  strong  (government  participation  and 
leadership  will  be  re<](uired  if  civil  aviation  is  to  continue  to  grow  as 
it  has  in  the  ^ast.  Hus  participation  and  leadership  must  come  from 
both  the  legislative  and  executive  branches  of  the  (government, 
through  wise  policies  and  their  effective  implementation. 

I  would  say  that  aeronautical  research  and  development  now  in 
the  United  States  is  analogous  to  a  universiW  fielding  a  group  of  in¬ 
tramural  teams,  instead  of  a  varsity  team,  l^e  reason  for  this  is  the 
lack  of  both  effective  leadership  m  the  Federal  (jovemment  and 
resources. 

And  let  us  say,  akin  to  the  leadership  we  found  in  the  case  of  the 
space  program. 

There  are  vast  E.  &  D.  resources  in  the  universities  and  in  industry 
in  the  United  States  not  now  employed,  and  only  the  Federal  (gov¬ 
ernment  can  act  as  coach  of  this  team  and  mold  it  into  a  varsity 
team. 

I  think  if  it  is  Government  policy,  that  this  be  done;  in  my  opinion, 
it  is  not  now  being  done.  If  it  is  not  Government  policy  to  do  this, 
then  we  are  doing  pretty  well. 

I  would  remind  you  again  that  flight  vehicle  development  in  this 
countrv  has  been  based  almost  entirely  on  military  technology.  For 
e.xample,  the  technolo^  that  is  used  in  our  air  traffic  control  system 
today  has  been  derived  almost  entirely  from  military  developments 
during  and  just  after  World  War  II. 

The  militarv  devel<mments  and  interests  are  diverging  from  the 
interests  and  desires  of  the  civil  air  transportation  system.  Therefore, 
new  technologies  and  new  developments  are  going  to  have  to  come  in¬ 
creasingly  from  independent  action  directed  toward  the  civil  air 
transportation  system  itself. 

With  the  creation  of  the  Department  of  Transportation,  the  Fed¬ 
eral  agencies  and  their  charters  are  now  structured  such  that  the 
(jovemment  should  be  able  to  exert  its  proper  leadership  role  in  civil 
aviation  research  and  development. 

The  Board  believes  that  leadership  should  be  provided  by  the  De¬ 
partment  of  Transportation  in  catling  out  systems  studies  to  identify, 
analyze,  and  rank  goals  for  our  civil  aviation  system.  And  these  goals 
should  be  formulated  with  reference  to  the  Nation’s  total  transporta¬ 
tion  system,  taking  account  of  the  increasing  public  demand  for  air 
transportation,  as  well  as  the  various  economic  factors. 

Although  iiihouse  Government  capabilities  should  be  developed  and 
maintained  by  DOT  for  this  purpose,  it  is  believed  that  indu^ry  and 
otlier  private  institutions  could  participate  in  carrj’ing  them  out. 

But  then  there  remains  the  problem  of  research  and  development 
itself.  And  the  long  record  of  outstanding  performance  by  NASA  and 
its  predecessor,  NACA,  in  research  and  development  clearly  suggests 
that  this  Agency  should  play’  even  a  greater  role  in  aviation  in  the; 
future. 

NASA's  role  should  be  expanded  to  involve  not  only  flight  vehicle^ 
and  their  propulsion  systems  which  have  traditionally  occupied  NACA 
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and  NASA  in  the  past,  but  all  aspects  of  research  and  develop! iiciit  of 
importance  to  civil  aeronautics. 

It  is  going  to  be  important  for  NASA  to  adopt  a  policv  of  dii-ecting 
its  attenticm  to  those  research  and  development  goals  iiicludiug  the 
development  of  carefully  selected  experimental  hardware  tliat  opti¬ 
mize  the  productivity  of  the  total  civil  air  transportation  system. 

Such  expanded  activities,  for  example,  could  involve  the  develoi)- 
ment  of  new  technolo^es  relating  to  air  traffic  control,  as  well  as  to 
airports  and  support  facilities.  With  regard  to  air  traffic  control,  this 
does  not  imply  that  the  responsibilities  and  authorities  of  tiie  DOT 
and  FAA  should  be  diminished. 

NASA’s  background  in  vehicle  technology,  together  with  a  growing 
capability  in  the  field  of  avionics,  enables  it  to  assess  imiiortant  trade¬ 
offs  that  must  be  made  between  onboard  and  external  avionics  systems, 
and  to  play  an  important  supporting  role  for  the  FAA  and  DOT.  Also, 
recent  developments  in  space  technology,  including  the  use  of  satellites 
for  communications  and  navigation,  o#er  very  important  new  opjior- 
tunities  for  improving  air  navigation. 

I  would  like  to  comment  briefly  on  the  important  question  of  proof 
of  concept  as  a  Federal  Government  responsibility  in  the  field  of  avia¬ 
tion.  The  Board  defined  proof  of  concept  as  a  phase  in  develojnnent  in 
which  experimental  hardw’are  is  constructed  and  tested  to  explore  and 
demonstrate  the  feasibility  of  a  new  concept. 

It  is  clear  that  this  has  been  and  will  continue  to  be  an  important 
and  necessary  step  in  the  development  of  new  concepts  suggested  by 
successful  research.  It  can  be  an  equally  important  step  in  defining 
areas  requiring  further  research. 

It  is  our  view  that  if  NASA  is  to  conduct  “proof -of-concept”  jiro- 
grams  in  areas  of  new  technology,  it  should  do  so  only  when  the 
potential  capability  of  a  new  development  is  apparent  but  (a)  not 
economically  attractive  to  the  private  sector;  (b)  the  cost  of  the 
“proof -of -concept”  is  beyond  the  means  of  private  capital :  (r)  several 
related  ideas  competing  for  Government  support  can  onh’  be  evaluated 
obiectively  by  test. 

Proof-of-concept  progi'ams  could  serve  to  reestablish  vital  coopera¬ 
tive  relationships  b^ween  NASA  and  the  Armed  Forces,  other  Gov¬ 
ernment  agencies  such  as  DOT  and  FAA,  and,  in  some  cases,  private 
industry.  This,  of  course,  is  useful,  but  is  not  by  itself  sufficient  reason 
for  the  existence  of  such  programs. 

Proof-of-concept  is  an  expensive  step  in  the  R.  &  D.  cycle  and,  as 
such,  should  be  considered  only  for  developments  of  .significant  im¬ 
portance  to  the  Government  or  local  communities.  Proof-of-concept 
must  be  conducted  carefully,  and  the  necessity  of  its  insertion  into 
the  R.  &  D.  cycle  must  be  based  on  solid  technical  judgment. 

Such  programs  must  represent  sufficient  advancement  in  technology 
to  uncover  other  areas  of  needed  research,  but  it  must  not  be  so  revolu¬ 
tionary  that  proof,  or  lack  of  it,  cannot  be  .achieved  within  reasonable 
time  and  cost. 

Finally,  “proof-of-concept”  must  not  be  used  to  develop  prototypes 
of  potential  production  vehicles  or  systems  for  which  there  is  no 
agreed-upon  requirement.  The  Board  believes  that  with  these  qualifi¬ 
cations,  NASA  should  be  encouraged  and  supported  in  the  conduct 
of  proof-of-concept  programs. 
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Although  continued  research  and  development  on  the  technologies 
of  the  air  vehicle  are  absolutely  necessary,  I  have  placed  such  work, 
insofar  as  it  relates  to  the  growth  of  the  total  air  transportation  sys¬ 
tem,  behind  airports,  noise,  and  air  traffic  control. 

The  air  vehicle,  of  course,  is  just  one  element  in  the  total  transpor¬ 
tation  system.  It  nas,  so  far,  received  the  lim’s  share  of  attention,  and 
if  continues  to  outstrip  the  rest  of  the  system  in  performance.  What 
does  the  future  air  vehicle  technology  picture  look  like? 

Projected  improvements  in  subsonic  conventional  takeoff  and  land¬ 
ing  vehicles  appear  more  than  adequate  to  meet  the  challenge  of  rapid 
increases  in  air  travel  over  the  next  two  decades.  But  the  potential 
economic  advantages  of  these  design  improvements  will  surely  be  lost 
if  air  vehicle  technology  does  no  more  than  compeitsate  for  the  lag  in 
operating  and  supporting  environments. 

In  the  next  decade,  medium-  and  long-haul  subsonic  aircraft  will 
undergo  great  improvements  in  the  area  of  avionics,  including  guid¬ 
ance.  Keftnements  in  propulsion,  structures,  and  aerodynamics  will 
be  continually  introduced  in  subsonic  aircraft. 

Particularly,  however,  in  avionics  do  I  see  considerable  improve¬ 
ments.  Avionics,  until  now  2)rincipally  exploited  in  military  aircraft,  is 
just  begiiming  to  make  a  corresponding  impact  in  commercial  aircraft. 

Extensive  application  of  this  can  be  foreseen  in  navigation,  auto¬ 
mated  check  out,  airborne  computation,  instrumentation,  aircraft 
control  and  communications.  Better  integration  with  the  ATC  en¬ 
vironment  should  allow  more  operations  in  bad  weather  and  greater 
safety  in  a  much  more  crowded  airspace. 

The  growth  of  conventional  takeoff  and  landiim  subsonic  aircraft 
ill  passenger  and  cargo  capacity  will  continue.  There  is  no  funda¬ 
mental  technological  reason  whatsoever  why  takeoff  gross  weights 
cannot  approach  a  million  and  a  half  pounds. 

Today’s  subsonic  conventional  takeoff  and  landing  jet  transports 
are  the  result  of  a  natural  selection  that  has  standardized  the  most 
desirable  features — the  swe[)t-back  wing,  and  the  mounting  of  engine 
pods  on  the  swept-back  wing — and  has  set  a  pattern  which  has  been 
followed  with  great  success. 

But  such  a  growth  process  has  not  yet  occurred  for  V/STOL  air¬ 
craft.  There  are  a  multitude  of  designs,  each  of  which  has  received 
only  a  small  amount  of  technical  concentration.  This  makes  it  difficult 
to  pinpoint  trends  for  these  aircraft  as  sharply  as  can  be  done  for  con¬ 
ventional  takeoff  and  landing  subsonic  aircraft. 

In  my  view,  short  takeoff  and  landing  technologies  are  sufficiently 
well  in  hand  to  permit  us  to  do  a  great  deal  more  than  we  have  already 
done.  We  can  build  STOL  aircraft  with  satisfactory  cruise  perform¬ 
ance  which  can  operate  on  auxiliary  strips  out  of  the  normal  jet  pat¬ 
tern.  I  foresee  extensive  aiqilication  of  STOL  technology  in  the  next 
few  years. 

VTOL  technology,  however,  is  another  matter.  Aside  from  the  heli¬ 
copter  and  a  variety  of  experimental  applications,  there,  is  little  to  go 
on.  Helicopter  economics  are  not  attractive  and,  for  fundamental  rea¬ 
sons,  are  unlikely  to  improve.  In  the  VTOL  area,  studies  are  required 
to  narrow  down  the  numerous  vehicle  concepts  to  the  most  promising, 
so  that  they  can  be  given  the  benefit  of  focused  development. 

Demonstration  projects  should  be  conducted  and  designed  to  obtain 
reliable  economic  and  operational  data  required  by  investors,  manu- 
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facturers  and  operators,  before  fbis  of  aii’craft  is  committed  to  a 
full  scale  short-haul  system. 

Looking  at  long-ran^  transportation  beyond  conventional  takeoff 
and  landinjj  subsonic  aircraft,  a  few  words  ought  to  be  said  about 
supersonic  and  hypersonic  flight.  The  distances  between  the  major 
world  cities  are  of  such  magnitude  that  speeds  well  into  the  supersonic 
and  hypersonic  range  can  offer  attractive  advantages  to  travelers. 

If  one  takes  account  of  traveltime  to  and  from  airports,  with  sub¬ 
sonic  jet  transport,  the  total  trip  time  is  about  a  woi’king  day  when 
distances  exce^  3,000  nautical  miles.  WTien  the  first  generation  SST 
comes  into  being,  a  journey  of  .>,000  nautical  miles  will  require  about  a 
half  working  day. 

And  if  we  accept  a  half  working  day  as  a  desirable  trip  time,  a 
hypersonic  transport  can  provide  transportation  over  many  thousands 
of  miles  without  increasing  travel  time.  A  sizable  step  beyond  the 
supersonic  transport  would  be  the  capability  to  transport  passengers 
hypersonically  over  perhaps  6.000  nautical  miles,  or  from  San  Fran¬ 
cisco  to  Tokyo,  cruising  at  mach  numbers  .5  to  6. 

The  next  stride  might  be  10.000  nautical  miles,  joining  San  Fran- 
ci.sco  to  Melbourne,  or  New  York  to  Cape  Towm,  at  mach  numbers 
10tol2. 

Mr.  HechI/ER.  You  will  be  in  orbit  pretty  soon. 

Dr.  Bisplinghoff.  All  of  this  is  not  idle  imagination.  When  the 
aeronautical  engineer  looks  at  the  Breguet  range  equation,  he  finds 
that  by  cniising  at  these  high  mach  numbers,  using  hydrogen  fuel 
at  altitudes  of  120,000  to  1 .50,000  feet,  one  can  achieve  flight  efficiencies 
greater  than  any  we  have  ever  achieved. 

Although  it  may  be  the  turn  of  the  centnrv  or  later  I>efore  such  air¬ 
craft  are  finally  developed,  T  have  no  doubt  that  they  will  be.  Unfortu¬ 
nately,  hypersonic  vehicle  technology  is  receiving  almost  no  research 
and  development  attention  at  the  presWt  time. 

I  would  like  to  close  this  statement  with  a  few  brief  remarks  on  the 
problems  and  progress  in  the  training  of  younger  people,  including 
engineers,  for  their  entry  into  the  aviation  field. 

It  is  my  observation  that  there  has  been  a  decline  over  the  past  decade 
in  younger  people  entering  the  profession  of  aeronautical  engineering. 
There  are  several  reasons  for  this  decline.  Perhaps  the  principal  reason 
has  been  the  attraction  and  opportunities  of  space  research  and  develop¬ 
ment  for  these  young  engineers  who  graduate  from  Departments  of 
Aerospace  Engineering  in  our  universities. 

The  rap>idly  expanding  activities  of  the  military  missile  programs 
and  the  civilian  space  program  absorbed  many  young  people  who 
might  otherwise  have  practiced  aeronautical  engineering.  Another 
reason  is  the  unavailability  to  universities  of  research  and  development 
funds  for  atmospheric  flight  vehicles. 

It  is  now  a  fact  of  life  that  most  graduate  students  of  science  and 
engineering  are  supported  by  research  grants  and  contructs  obtained 
from  the  Federal  Government.  The  subject  matter  of  their  graduate 
research  is  often  dictated  by  the  moneys  made  available  by  Federal 
funding  agencies. 

Thus,  the  graduate  research  interests  of  the  Nation’s  science  and 
engineering  rt.udents  are  to  a  c.onsiderable  extent  governed  by  pro¬ 
grammatic  and  budgetary  decisions  made  in  Washington.  These  deci- 
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sions,  which  have  made  relatively  little  money  available  for  i-esearch 
and  development  on  atmospheric  Right  vehicles,  have  been  I'everberat- 
ing  through  the  educational  world  for  a  decade. 

A  third  reason  for  reduced  interest  on  the  part  of  young  engineers 
and  scientists  in  atmospheric  flight,  in  my  view,  is  tlie  steady  d  line 
in  the  number  of  new  aircraft  types,  including  prototyiies,  deve]oi)ed 
in  the  United  States. 

Prototype  construction  and  experimental  hardware  developed  and 
constructed  to  explore  and  demonstrate  the  feasibility  of  new  aeronau¬ 
tical  concepts  are  essential  elements  of  our  program  for  a  variety  of 
reasons  if  we  wish  to  maintain  aviation  leadership  throughout  the 
w'orld. 

All  of  this  adds  up  to  an  increasing  average  age  of  engineers  engaged 
in  the  research,  development,  and  engineering  of  atmospheric  flight 
vehicles.  The  higher-tlian-average  age  of  that  component  of  the  NASA 
staff  engaged  in  aeronautical  research  and  development  is  illustrative 
of  this  point.  This  trend  will  not,  in  my  opinion,  be  altered  signifi¬ 
cantly  unless  changes  can  be  brought  about  in  the  three  areas  ju.st 
mentioned. 

Thank  you  very  much. 

Mr.  Hechler.  This  is  an  outstanding  statement,  Dr.  Bisplinglioff, 
and  it  shows  great  depth  and  perception,  drawn  not  only  from  your 
practical  experience,  but  it  shows,  I  think,  a  measured  objectivity  which 
we  appreciate. 

If  it  is  agreeable  to  other  inenibers  of  the  committee.  I  think  it 
would  be  better  to  defer  questions  on  your  statement  till  after  we 
hear  from  Dr.  Stever. 

We  welcome  you  back  again  to  the  conmiittee.  Dr.  Stever. 

Dr.  Stei-er.  Thank  you. 

Mr.  Heckler.  We  welcome  you  as  a  distinguished  member  of  the 
Panel  on  Science  and  Technology’,  as  the  distinguished  president  of 
the  Camegie-Mellon  University,  and  the  Chairman  of  the  Aeronautics 
and  Space  Engineering  Board  at  the  time  the  report  was  prepared. 

I  understand  you  have  been  demoted  on  the  Board  to  a  mere  mem¬ 
ber ,  is  that  right  ? 

Dr.  Stever.  That’s  right;  yes,  sir.  Chairman  Hechler.  Yes,  I  have 
been  demoted,  but  this  was  by  a  long-term  agreement  with  a  very 
good  friend,  that  I  would  do  it  the  first  2  years  if  he  would  do  it  the 
second  2  years. 

Mr.  Heckler.  Good  to  have  you  here.  Dr.  Stever, 

You  may  proceed. 

STATEMENT  OP  DS.  H.  GUTFOED  STEVES,  HEMBEB,  PANEL  ON 

SCIENCE  AND  TECHNOLOGY,  HOUSE  COMMITTEE  ON  SCIENCE 

ANB  ASTRONAUTICS 

Dr.  Stever.  Chairman  Hechler,  memliers  of  the  subcommittee,  I 
appreciate  the  opportunity  to  di.scuss  with  you  some  of  the  issues  and 
problems  involved  with  civil  aviation  and  some  of  the  .actions  involv¬ 
ing  aeronautical  research  and  development  that  have  oocurred  during 
the  past  year. 

You  have  just  heard  a  general  review  and  restatement  of  the  views 
of  the  Aeronautics  and  Space  Engineering  Board  of  the  National 
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Academy  of  Engineering,  on  civil  aviation  research  and  development 
and  the  Federal  Government’s  involvement. 

I  have  taken  the  task,  to  follow  Dr.  Bisplinghoff,  of  trying  to  tell 
you  what  we  have  observed  happen  in  the  year  or  so  since  our  report 
was  published.  A  far  better  understanding  of  current  problems  has 
l)een  developed.  There  is  a  growing  realization  that  these  problems 
will  worsen  unless  strong  measures  are  taken.  But  not  enough  is  being 
done  now  to  meet  these  problems. 

I  do  agree  with  Mr.  Felly  that  we  can  point  to  some  new  pieces  of 
progress.  He  mentioned  the  improvement  in  the  noise,  in  the  introduc¬ 
tion  of  the  747,  and  presumably  other  members  at  that  generation  of 
aircraft. 

I  think  that  I’eally  has  come  about  by  applying  the  knowledge  that 
we  have  had  in  the  noise  field,  when  it  became  apparent  that  we  had 
to  apjily  it.  But  I  still  would  agree  with  Dr.  Bisplinghoff’s  statement 
that  there  is  a  great  deal  that  we  don’t  know  about  the  fundamentals 
of  noise,  and  as  we  are  asked  for  future  solutions,  l)etter  solutions  in 
the  noise  problem,  finding  them  will  be  more  difficult. 

Still  it  is  very  nice  to  realize  that  when  a  problem  is  pinpointed  and 
people  get  interested  and  even  excited  about  it,  and  all  of  the  mecha¬ 
nisms  in  Government  and  In  the  private  sector  including  technical 
groups  and  industry  begin  to  focus  on  the  problem,  progress  can  be 
made. 

We  believe  we  see  a  considerable  improvement  in  the  communica¬ 
tion  of  ideas  in  this  field,  among  the  technical  communitv  and  elements 
of  the  public  and  private  sectors.  As  examples,  in  addition  to  the  ac¬ 
tive  interest  your  committee  has  taken,  in  the  fall  of  1968,  and  now 
here  in  the  fall  of  1969.  the  American  Institute  of  Aeronautics  and 
Astronautics  shortly  after  publication  of  our  ASEB  report,  devoted 
their  “president’s  forum,”  a  general  ‘session  of  their  annual  meeting, 
to  consideration  of  the  question,  “How  Should  Civil  Aviation  Develop 
to  Serve  Our  Society  Best?” 

It  Avas  my  privilege  to  address  the  group  Avith  the  results  of  our  stxidy 
and  participate  in  the  discussions.  There  was  a  very  broad  representa¬ 
tion  from  industry,  tlie  academic,  community,  and  Government  at 
the  meeting,  and  I  feel  that  as  a  result  there  has  been  considerably 
more  activity  toward  solution  of  the  many  problems  discussed. 

At  about  the  same  time  last  year  Dr.  Bisplinghoff  addressed  the 
members  of  the  Airport  OiJerators  Council  International  (AOCI)  at 
their  annual  meeting.  As  he  noted,  there  has  been  increased  interest 
and  activity  on  the  planning  neces.sary  to  improve  airport  and  termi¬ 
nal  facilities. 

As  a  matter  of  fact,  the  AOCI  and  others,  including  the  American 
Road  Builders  Association  and  the  Aircraft  Industries  Association, 
to  name  only  a  few,  are  actiA’^ely  considering  ways  to  improA^e  the  air¬ 
port  planning  process  on  a  national  scale. 

These  and  other  efforts  are  all  to  the  good.  Further,  I  belicA’c  that 
along  with  these  activities  the  news  media  are  noAv  deA’Oting  more 
time  to  the  area  of  aeronautics,  particularly  to  the  problem  areas  and 
possible  solutions.  I  think  we  can  say  that  during  this  past  year  a  good 
many  more  people  both  in  and  out  of  Government  have  begun  to 
think  and  talk  more  about  civil  aAdation,  and  hopefully  this  will  re¬ 
sult  in  greater  effort  and  thus  more  rapid  solution  to  the  problems 
facing  us. 
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Unfortunatelj,  the  communications  are  not  always  on  the  same 
wavelength,  for  many  propose  the  suppression  of  civil  aviation  to  get 
rid  of  nuisances  such  as  noise,  air  pollution,  ground  trsiffic  congestion 
around  airpor^  et  cetera,  while  others  propose  elimination  of  the 
nuisances  so  aviation  can  grow. 

Our  boaid  has  been  concerned  that,  even  though  a  number  of  ex¬ 
cellent  studies  have  been  completed  over  the  last  few  years  and  even 
though  theie  has  been  fairly  general  agre^ent  that  some  recommen¬ 
dations  made  should  be  implemented,  the  implementation  just  has  not 
occurred  at  a  satisf  actorv  rate. 

One  might  dismiss  this  lack  of  action  with  the  observation  that 
there  just  has  not  been  enough  money  to  do  the  necessary  work.  That 
answer  is  too  easy.  This  country  has,  and  1  believe  will  continue  to 
have,  enough  resources  to  do  the  things  necessary  to  permit  reasonable 
growth  and  efficient  operations  in  aU  immrtant  fields. 

It  is  true  that  more  money  will  be  needed,  but  along  with  that,  as 
Dr.  Bisplinghoff  has  noted,  imould  come  much  more  complete  analysis, 
more  comprehensive  overall  planning  at  the  national  as  well  as  local 
level,  and  better  organization  of  the  Government  elements  working 
on  the  aviation  problem. 

I  might  elaborate  just  a  Inoment  on  the  need  for  analysis  of  the 
overall  transportation  system.  It  would  seem  that  the  concepts  of 
systems  analysis  might  be  ideally  suited  to  this  job  relating  to  the 
growth  of  our  transportation  system,  analyses  taking  into  account 
technical  problems,  economics,  sociological  factors,  regulatory  factors, 
noise,  pollution,  et  cetera. 

Such  analyses  can  suggest  ways  to  optimize  the  transportation  net¬ 
work.  We  are  encouraged  that  NASA  and  DOT  have  agreed  that 
NASA’s  Mission  Analysis  Division  should  look  at  the  methodology 
involved  with  such  analyses.  Hopefully,  this  may  lead  to  better  use 
of  analysis  technimies  in  the  civil  aviation  field.  It  so,  it  will  be  a  neat 
example  of  spin-on  from  space  technology,  since  the  Mission  Analysis 
Division  has  been  most  occupied  with  space  problems. 

Our  board  has  been  concerned  also  to  find  out  what  specific  actions, 
if  any,  have  been  taken  by  NASA  and  DOT  as  a  result  of  the  recom- 
menaations  made  in  our  report.  During  our  discussions  last  summer 
with  NASA  officials,  when  I  say  “last  summer,”  I  mean  the  summer 
of  this  year — they  indicated  that  the  report  had  been  used  extensively 
in  reshaping  their  aeronautical  program. 

Of  the  approximately  100  recommendations,  19  pertained  to  other 
agencies,  but  of  the  remaining  81,  NASA  had  respond^  to  all  but  15. 
Where  there  had  been  no  response,  the  reasons  were  primarily  lack  of 
funds  and/or  staff  to  take  action.  Finally,  NASA  n(^d  that  they  had 
found  the  report  useful  during  their  bud^t  formulation  process. 

We  also  see  increasing  evidence  that  NASA  has  in^ituted  closer 
coordination  with  DOT  and  DOD  in  the  aeronautics  area.  F or  example, 
in  response  to  a  DOT  reque^,  NASA  is  doing  research  on  the  vortex 
effect  oehind  aircraft  during  landing,  particmarly  for  the  case  where 
parallel  runways  are  being  used. 

And  it  is  very  clear  from  some  of  the  things  that  Dr.  Bisplinghoff 
said  that  the  great  traffic  jams  in  the  large  city  airports  are  going  to 
require  more  parallel  runways.  Additional  effort  is  planned  on  aircraft 
noise  reduction  with  establishment  of  a  new  noise  research  laboratory 
at  NASA’s  Langley  Research  Center. 
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That  Center  has  increased  its  aeronautics  staff  by  about  30  percent, 
and  the  Lewis  and  Ames  Centers  have  likewise  increased  their  effort 
on  aeronautics.  A  special  study  ^^up  has  been  established  by  NASA 
to  identify  areas  in  which  the  NASA  Electronics  Beseanm  Center 
may  assist  DOT-FAA.  This  is  one  of  the  specific  actions  we  feel  may 
spcm  the  transfer  of  technolo^  acquired  in  space  pro^ams  to  the 
civil  aviation  field.  As  Dr.  Bisplinghoff  noted,  we  believe  there  is 
much  to  be  gained,  particularly  m  the  traffic  control  field,  from  such 
an  effort. 

With  respect  to  the  future,  it  is  encouraging  to  note  that  NASA 
and  DOT  are  cooperating  in  their  budget  formulation  process  to  pro¬ 
duce  a  coordinate  aeronautics  program.  A  far  better  balance  in  their 
programs  should  result.  As  you  know,  DOT  and  NASA  have  begun  a 
15-  to  18-month  study  of  civil  avia^on  research  and  development 
policy. 

Affiocdated  with  this  effort,  there  is  a  study  ad\nsory  committee  on 
which  Dr.  Bisplinghoff  and  I,  together  with  other  members  of  the 
ASEB,  as  well  as  other  members  of  the  aeronautics  community,  serve. 
Our  committee  plans  to  meet  with  the  DOT  and  NASA  study  chair¬ 
men,  study  directorj  and  working  groups  every  2  or  3  months  over 
the  next  year  to  review  prepress  made  in  the  study  and  the  planning 
for  subsequent  work. 

The  advisory  committeej  made  op  of  highly  knowledgeable  engi¬ 
neers,  technical  and  financial  managers,  and  operators  from  various 
fields  of  civil  aviation,  should  provide  expert  and  .^road  advice  and 
counsel  to  the  study  managers. 

Such  detailed  studi^  and  analyses  are  needed,  but  I  believe,  and  I 
am  sure  that  Dr.  Bisplinghoff  agrees,  that  many  of  the  remedial  actions 
that  must  he  taken  to  improve  civil  aviation  are  already  known.  When 
the  remedies  are  known  and  when  they  can  be  agreed  on,  we  would 
urge  that  fynds  be  provided  and  work  started.  Later  efforts  can  then 
be  phased  in  as  they  are  identified.  In  short,  a  great  deal  of  valuable 
time  has  already  been  lost,  and  we  strongly  urge  prompt  implementa¬ 
tion  where  there  has  been  agreement  on  a  plan  of  action. 

From  our  discussions  with  NASA  we  are  aware  of  some  additional 
technical  efforts  on  aeronautics  they  have  underway.  For  example,  in 
the  electronics  and  control  area  there  has  already  been  an  increase  in 
effort  on  automatic  landing  ^steins,  pilot  warning  or  collision  indica- 
tore,  satellite  servicing  instrumentation,  and  computer  technology. 

In  biotwhnolMv  and  human  research  areas  additional  work  h^  been 
initiated  in  the  fields  of  noise,  aircraft  operations,  and  human  factors 
aspects  of  air  traffic  control.  There  is  increased  effort  in  basic  research 
on  materials,  aerodynamics,  and  detection  of  clear  air  turbulence. 

Additional  work  has  been  undertaken  in  aeronautical  vehicles  re- 
%aroh  ^d  development  on  hyiiercritical  wings,  engine  noise,  advanced 
night  simulators,  various  flight  test  programs,  and  structures.  In  one 
%nse  that  paragraph  is  a  smtHl  summary  of  some  of  the  things  that  Mr. 
Bruce  Lundin  has  oeen  telling  you,  but  in  this  case  it  is  the  ^servation 
OT  somebody  from  outside  the  Government  as  opposed  to  inside  the 
Government. 

I  have  already  touched  on  a  number  of  areas  where  DOT  has  begun 
Mditmnal  activity  with  NASA.  DOT  has  also  undertaken  other  activ¬ 
ities  that  give  promise  for  the  future.  During  tJie  past  year  DOT  and 
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NASA  (^cials  at  the  A^istant  Secretary  levd  and  at  lower  levels  have 
been  meeting  and  woridng  toward  more  effective  cooperation.  Also,  as 
you  ^ow,  the  Secretary  of  Transportation  in  July  1968  establi^ed 
within  the  DOT  a  committee  chaired  by  Mr.  Ben  Alexander — I  believe 
he  has  testified  before  your  committee— to  study  long-range  air  traffic 
control  problems,  to  develop  solutions,  and  to  report  on  their  findings. 

While  many  of  their  recommendations  have  been  transmitted  to 
working  groups  within  DOT  and  NASA,  I  understand  that  the  formal 
report  wul  soon  be  published,  and  that  it  will  provide  much  of  the 
specific  information  needed  to  point  the  way  toward  an  adequate  air 
traffic  system  for  the  future,  again  a  subjert  which  Dr.  Bisplinghoff 
talked  about. 

The  Secretary  also  asked  the  Electronics  Industries  Association 
(EIA)  to  establish  a  panel  to  study  and  recommend  improvement  of 
wstii^  and  plaiis  for  future  air  traffic  systems.  I  understand  that  dur¬ 
ing  its  deliberations  the  EIA  worked  m  cooperation  with  the  Alex¬ 
ander  committee. 

And  I  would  like  to  make  another  parenthetical  remark,  Mr.  Chair¬ 
man,  about  this.  Dr.  Bisplinghoff  pointed  out  that  the  ASEB  studies 
of  a  couple  of  years  ago,  are  the  firrt  example  in  which  the  professional 
societies  were  brought  heavily  into  the  work  of  the  national  academy. 

Here  is  another  example  of  an  outside  association  brought  into  the 
work  when  problems  were  being  studied.  My  personal  feeling  is  t W  in 
the  study  pnase  it  is  an  extremely  profitable  th^  to  have  members  of 
Government  of  all  branches,  legislative,  executive,  and  the  trade  asso¬ 
ciations,  the  knowledgeable  engineering  and  science  societies,  the 
national  acadenue^  to  work  toother. 

The  wmmuni^tion  is  so  much  better  in  arriving  at  studies  that  way 
then  it  is  by  having  one  group  go  into  its  own  closed  room  to  come  out 
with  its  idea,  and  uien  exchange  it  with  another  group  from  its  closed 
room.  I  really  think  this  technique  which  is  developmg  is  a  very  im¬ 
portant — I  won’t  say  tool  for  Government — tool  for  our  society. 

I  might  inention  one  other  example  of  increased  activity  and  interest 
in  aeronautics.  Our  board  members  and  staff  have  had  discussions  with 
Col.  William  Anders,  Executive  Secretary  of  the  National  Aeronautics 
and  Space  Council,  and  members  of  his  staff,  and  are  encouraged  by 
the  fart  that  he  and  his  staff  intend  to  devote  a  considerable  amount 
of  time  to  the  aeronautics  area  in  the  future.  We  believe  this  is  a  very 
promising  developmoit,  and  we  hope  it  will  lead  to  increased  recogni¬ 
tion  and  support  for  aeronautical  programs. 

In  suminary,  thm,  it  is  my  feeling  that  the  past  year  has  brought 
awakened  interest  in  dvil  aviation  and  some  increase  in  activity.  I  feel, 
however,  that  there  is  an  urgent  need  for  the  accelerated  and  ex¬ 
panded  program  of  aeronautical  research  and  development  which  we 
have  recommended,  the  signs  of  which  are  now  beginning  to  emerge. 
We  would  urge  greater  support  for  these  dvil  aviaticm  and  aeronautics 
research  and  development  programs  than  we  believe  is  currently  pro¬ 
gramed.  Particularly,  more  implementaticm  of  ideas  already  agr^  as 
important  is  needed. 

All  of  this  gives  some  indication  that  there  is  some  improvement 
in  the  artitudes,  organurtion,  and  simport  of  research  and  develop¬ 
ment  pointed  toward  civil  aviation.  But  there  remains  some  serious 
questions  which  your  committee  must  address. 


192 


One  pertains  to  the  basic  assignment  of  the  responsibilities  for  the 
field  of  civil  aviation  research  and  development  One  of  the  conclu¬ 
sions,  I  believe  one  of  our  most  important,  m  the  report  by  the  ASEB 
recp^iized  that  the  DOT,  in  particular  FAA,  was  the  focal  point  of 
civil  aviation  problems  and  Government  operational  i:esponsibilitie& 
while  on  the  other  hand,  NASA  has  more  competence  in  research  and 
development  as  well  as  larger  aeronautical  research  and  develo{waent 
fanding. 

The  rec(Hnmend^<Mi  that  NASA  be  givm  more  research  and  de¬ 
velopment  respcmfflbility  grew  from  those  thoughts.  I  think,  however, 
that  this  committee  must  examine  the  record  toc^  and  the  near  future 
to  see  if  the  cooperative  efforts  of  DOT  and  NASA  are  producing  the 
results.  Otherwise  other  arrangonents  must  be  sought,  arrangemmts 
that  in  fact  bring  the  talent,  facilities,  and  funding  of  these  organiza¬ 
tions  into  ^re  effective  combinaticm. 

Of  particular  concern  to  me  is  the  magnitude  of  the  relative  space- 
orients  and  aeronautical-oriented  budgets  within  NASA.  There  will 
be  change  over  the  years  in  NASA  budgets  because  of  the  changes  in 
space  objectives.  If  these  result  in  decreamg  space  budgies,  the  aero¬ 
nautical  research  and  development  budg^  should  not  oe  simply  at¬ 
tached  to  the  space  level  but  should  be  independently  handled,  fuad 
adjusted  to  fit  the  problem. 

There  are  scune  other  fretmently  cited  points  about  civil  aviation 
wMch  should  be  reexamined.  In  fact,  I  would  have  a  slightly  different 
opinion  today  than  I  did  a  year  ago  with  respect  to  this  relationship 
bkween  military  aviation  research  and  devwopment  and  civiL 

There  is  the  often  stated  point  that  civil  aviation  used  to  te  the  direct 
beneficia^  of  military  aviation  research  and  development,  but  that 
now  military  and  civil  aviation  are  pursuing  such  divergent  paths 
that  there  is  no  longer  this  close  relation^ip. 

I  think  that  that  is  true,  but  if  we  are  to  peraiit  our  thoughts  to  carry 
that  to  the  extreme,  we  will  again  be  wasting  a  major  effort  in  the 
TOuntry,  because  although  the  aircraft  and  related  equipment  budgets 
in  the  B.D.T.  &  E.  budget  of  the  Department  of  T>efense  have  been  go¬ 
ing  down,  I  have  the  results  here,  approximately  $800  million,  in  the 
year  1965,  going  to  $845,  going  to  $7 A,  ^62,  $539,  and  $^5,  over  the 
succeeding  years,  to  ^e  1970,  although  aircraft  and  related  equipment 
budgets  have  been  going  down,  that  still  is  an  immense  amount  of  work 
in  the  aircraft  fieU,  and  so  we  shouldn’t  carry  this  statement  to  its 
extreme. 

Mr.  Hechixr.  Total  R.D.T.  &  E.  has  gone  up  during  this  period  ? 

Dr.  Stever.  Yes,  R.D.T.  &  E.  budgets  have  gone  up  although  they 
are  about  now  to  the  same  level  as  1965,  according  to  this  statement. 
I  would  have  to  check  thi^  to  see  its  accuracy.  But  your  statement  is 
generally  correc^  the  gap  is  wide,  but  still,  that  is  an  immense  aircraft 
and  related  equipment  budget  and  we  shouldn’t  lose  sight  of  the  fact. 
We  s^uldn’t  carry  this  statement  that  civil  aviation  and  military 
aviation  are  diverging  to  the  end  point  in  wMch  we  say  we  can’t  get 
anytiiing  out  of  it. 

They  are  somewhat  divergent  but  the  elements  of  commonness  are 
much  greater  than  recognized,  especially  in  components  such  as  en¬ 
gines,  controls,  et  cetera,  as  well  as  materials.  Even  in  prototype  devel¬ 
opment  there  are  occasional  elements  of  commonness. 


19S 


By  of  exai|wl&  civil  aviation  awaits  the  development  of  inter¬ 
city  VTOL  and  STOL;  the  militaty  services  want  light,  medium,  and 
heavy  intratheater  transports.  I  believe  that  avenues  should  be  ex¬ 
plore  in  which  some  of  these  prototypes  common  to  both  military  and 
civil  aviation  are  developed. 

May  I  say  only  one  other  word.  The  chairman  requested  comment 
on  the  problems  of  education  of  engineers  to  handle  the  growing  list  of 
aeronautical  problems.  Dr.  Bisplinghoff  gave  a  recital  of  sevenJ  points 
with  which  i  agree.  I  would  lure  to  go  a  little  farther,  though. 

My  observation  is  that  technical  education,  in  g^eral,  is  in  serious 
straits  for  two  reasons.  One  is  that  there  is  a  very  widespread  mood  for 
not  venturing  forward  in  technology  at  this  time.  There  is  also  a  clear- 
cut  drop  in  real  ^pport  by  Government  for  advanced  work  in  science 
and  engineering,  l^s  is  leaving  an  impact  on  engineering  and  science 
schook  and  their  students. 

This  point  has  been  magnified  by  Dr.  Bisplinghoff.  I  would  like  to 
say  to  you  that  youth,  especially  youth  in  the  tec&iical  fields,  bears  the 
brunt  of  recessions.  At  the  present  time,  while  the  country  is  going  into 
a  mild  tightening  of  its  operations,  ^at  is  in  industry  and  so  on, 
budgets  are  being  tightened,  there  is  a  leveling  off  of  research. 

The  youth  get  this  in  the  magnified  form  b^use  when  any  agmcy, 
whether  it  is  Government  or  academic  or  industrial,  is  asked  to 
tighten,  it  tends  to  keep  the  pMple  already  employed,  and  handle 
them,  b^use  of  the  feelmg  that  it  has  a  responsibilitv,  and  the  hiring 
of  new  young  people  is  greatly  reduced,  and  so  they  tear  most  of  the 
brunt  ot  a  cuuMtck. 

And  I  believe  this  effect  has  already  started  in  the  fields  of  science 
and  engineering.  If  the  Ckmgress  supports  generally  the  need  for  tetter 
science  and  technology,  one  of  the  essentials  for  a  strong  and  growing 
economy,  thus  aeronautical  education  will  share  in  that  strengthening. 
This  is  a  belief  that  I  have.  I  thii^  that,  as  I  say,  that  aeronautics  is 
the  beneficiary  of  a  very  broad  science  and  engineering  effort  in  this 
country,  and  when  that  broad  effort  suffers,  so  also  does  aeronautics. 

Thi^  you  very  much. 

Chairman  Miller.  Mr.  Chairman,  I  must  leave  very  soon.  I  want  to 
congratulate  both  of  these  gentlemen.  Of  course  we  lo(^  upon  Dr. 
Bisplinghoff  as  sort  of  a  postgraduate  of  NASA,  and  recognize  Dr. 
Stever  rer  his  long  service  on  our  panel. 

I  was  very  much  interested  in  some  of  your  last  statements.  Dr. 
Stever.  We  teve  a  umvermty  grant  bill  that  we  had  hoped  to  get 
out  before  this.  We  still  will  ccmtinue  to  press  it,  making  some  block 
grants  to  universities,  because  amoi^  other  thin^  this  committee  is 
charged  with  certain  work  in  the  fieldof  scientific  education.  I  am  very 
happy  to  hear  you  again,  because  you  were  one  of  the  first  that  ap¬ 
peal  before  the  committee. 

I  want  to  assure  you  that  we  are  still  trying  to  go  forward.  I  am  very 
much  interested  in  the  things  that  you  say,  and  I  want  to  congratulate 
A&.  Hechler  on  the  work  that  he  is  doing.  I  am  going  to  have  a  talk 
with  him  about  doing  scsne  work  in  supervising  and  getting  reports  to 
us  regularly  on  the  cooperative  worktetween  DOT  and  NASA  and 
other  agencies  of  Government. 

Unfortunately,  some  of  the  legislative  authority  is  spread  over  a 
number  of  committees  and  it  makes  it  very  hard.  I  am  very  much 
concerned  with  what  you  have  to  say  about  airports,  because  as  one 
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who  travels  a  fomot  deal  between  here  and  the  Pacific  Coast,  I  am 
consciouB  of  th^ength  I  have  to  walk  when  I  get  off  an  airplane  before 
I  can  gd;to  my  tran^rartation. 

I  Mve  trim  to  figure  tiie  times  and  the  length  of  time  it  takes 
me  to  make  a  reservation,  and  get  a  ticket.  Now,  ma^be  I  don’t  go 
down  and  ^t  a  tidret,  but  I  have  to  send  one  of  tne  girls  down  for  a- 
ticket  and  die  may  have  to  stand  around  for  25  or  30  minutes  waiting 
her  turn. 

If  I  m  down  I  get  it  a  little  quicker,  but  that  is  not  fair.  I  have 
added  all  these  things  up,  getting  your  ba^age  to  and  from  airports, 
and  I  find  that  I  can  cross  the  continent  in  arout  300  minutes  from  take¬ 
off  to  landing.  If  the  wind  is  right  we  will  cut  sometimes  30  to  40  min¬ 
utes  off  that. 

But  it  takes  over  200  minutes  to  do  all  of  these  related  thin^  before 
I  can  get  on  the  airplane  and  jrat  off  it.  I  have  even  triea  making 
a  change  from  the  wed  coast  at  ^icago  to  come  into  National  because 
it  is  a  little  easier  to  get  in  town  from  National.  But  you  do  occasion¬ 
ally  get  some  bad  weather  in  the  Midwest,  and  I  have  sat  around  many 
hours  in  the  airport  at  Chicago,  waiting  to  make  my  transfers. 

So  then  you  decide  it  is  better  to  get  to  your  destination  ar.i  not 
transfer.  But  in  this  matter  of  airports,  I  don’t  know.  I  hope  that  your 
group  gives  some  real  serious  thought  to  this  problem.  Is  it  going  to 
be  necessary  for  the  Federal  Government  to  establish  standarfs*  Or 
are  we  going  to  get  a  parochial  feeling  in  manv  cities,  that  they  have 
the  better  architect  than  somebody  else,  and  he  is  going  to  lay  out 
an  airport  as  he  sees  it,  and  thw  can  talk  about  their  beautiful  airports  ? 

When  I  first  went  out  to  Dulles  I  thought  it  was  for  the  birds.  I 
think  now  it  is  the  best  airport  in  the  world  today.  I  say  the  world 
because  I  have  been  in  quite  a  few  of  them  and  I  haven’t  seen  one 
that  beats  it.  But,  are  we  going  to  have  to  come  to  this ;  to  establish  a 
universal  standara  for  airports? 

The  Federal  Government  helps  build  them.  But  we  let  the  local 
people  design  them.  For  instance,  in  I.(OS  Angeles,  if  you  come  in  on 
one  airline,  there  is  maybe  400  or  500  feet  that  you  have  to  walk  from 
the  airport  to  the  terminal.  If  you  come  in  on  another  airline,  they 
have  a  moving  sidewalk  that  helps  a  little  bit. 

But  the  other  airlines  haven’t  seen  fit  to  make  this  investment.  I 
asked  an  official  of  one  of  them  one  time,  one  of  the  major  lines,  “Why 
not?”  Well,  he  said,  “We  didn’t  think  it  was  necessary  in  the  l^in- 
ning,  and  it  would  be  too  exp»ensive  to  do  it  now.”  How  are  we  going  to 
get  away  from  this? 

Even  in  your  most  sophisticated,  Kennedy  Airport,  T^rd  help  you 
if  you  have  to  transfer  from  one  airline  to  another.  It  is  not  easy. 

Dr.  SnwEB.  Mr.  Chairman,  I  would  like  to  speak  to  this  point  on 
airports  in  two  ways.  Of  course,  there  are  some  aspects  of  airport  de¬ 
velopment  which,  because  of  the  safety  responsibility  of  the  Federal 
Government,  they  must  control,  and  these  are  the  number  and  loca¬ 
tion  and  size  of  runways,  which  of  course  do  play  an  important  part 
in  the  total  planning  of  an  airport. 

And  in  that  part,  I  see  no  escape  by  Government  for  being  in  the 
operation  and  in  the  business  of  planning  those  aiiqjorts.  On  the  ^her 
aspect,  it  is  my  feeling  that  while  the  local  comprtition  and  local  inge¬ 
nuity  and  originality  is  a  very  important  thing,  I  think  that  the  Gov¬ 
ernment  has  a  role  there  of  communication,  giving  the  good  ideas, 
and  in  fact  developing  some  good  ideas  to  be  available  for  that  aspect. 
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Dr.  Bisfunqhoff.  Well,  I  think  a  handbook  of  elemuitaiT  prin¬ 
ciples  in  airport  design  might  be  put  out  by  one  of  the  Federal 
agencies. 

Mr.  Hbchler.  It  could  be  used  by  local  architects  in  cities  that  were 
stru^ling  with  this  problem. 

Chairman  Miu£r.  1  think  you  might  invite  the  American  Institute 
of  Architects  to  sit  with  you  on  some  of  this. 

Dr.  Stever.  That  woula  be  an  interesting  point. 

Chairman  MiLLEit.  It  might  be  a  very  interesting  point,  because 
as  the  doctor  says,  a  local  handbook  would  be  quite  desirable.  Well, 
I  want  to  congr^ulate  you  both.  Unfortunately  I  have  to  nm.  I  am 
sor^  I  missed  Mr.  Lundin. 

(Discussion  off  the  record.) 

Mr.  Hbchler.  Mr.  Pelly. 

Mr.  Pelly.  Mr.  Chairman,  first  I  want  to  note  that  when  any  ordi¬ 
nary  member  of  this  committee  starts  getting  out  of  the  jurisdiction 
of  this  subcommittee,  you  reprimand  us.  But  when  we  have  Mr.  Miller 
here  we  are  very  glad  you  brought  up  that  subject. 

Chairman  Miller.  I  don’t  reprimand  you;  I  just  don’t  want  to 
bring  down  the  wrath  of  the  go®. 

Mr.  Pelly.  But  Mr.  Hechler  does,  and  we  were  glad  you  were  here 
to  bring  up  a  subject  on  which  we  are  vitally  interest. 

Chairman  Miller.  I  am  not  saying  it  is  within  our  jurisdiction,  but 
I  certainly  say  it  is  an  inescapable  part  of  the  aeronautical  problem, 
if  we  are  going  to  solve  it.  See,  we  west  coasters  can  get  into  some 
argumraits,  too.  Mr.  Pelly  is  a  very  valuable  member  of  this  commit¬ 
tee,  and  comes  from  the  great  State  of  Washington. 

Mr.  Pelly.  Well,  I  never  get  into  an  argument  with  my  committee 
chairman,  because  you  always  rap  me  down.  I  do  appreciate  the  fact 
that  you  are  interested  and  you  come  to  our  subcommittees  and  bring 
up  a  ^bject  in  which  we  are  greatly  interested. 

Chairman  Miller.  I  would  uke  to  Iw  at  all  of  the  subcommittees. 
If  I  was  an  amo^ia  maybe  I  could  divide  myself. 

Mr.  Pelly.  Now,  Mr.  Hechler,  if  I  could  come  back  to  the  two  very 
distinguished  witnesses.  I  want  to  join  Mr.  Miller  in  thanking  you  for 
your  very  fine  contribution  here.  Both  of  you  gentlemen  referred  to 
the  matter  of  getting  engineering  talent,  new  blood  into  the  research 
prograi®.  This  is  a  subject  that  interests  me  a  lot,  because  I  have  lately 
been  noticing  the  tremendous  interest  that  young  people  are  showing  in 
the  environment,  and  here  we  are  today  talking  about  research  and 
noise  abatement  and  the  clean  air  and  other  matters  that  fall  under  the 
jurisdiction  of  this  committee,  and  if  we  could  only  enlist  that  interest 
that  young  people  have  now  in  our  environment,  in  this  research  in 
doing  something  about  the  environment  in  a  practical  way,  I  think 
it  would  be  very  helpful. 

I  was  thinking  about  the  day  that  the  President  announced  that  he 
was  going  to  proceed  with  the  supersonic  transport.  This  television 
program  reached  many  millions  of  people  young  and  old,  and  it  was 
one  of  the  new  type  of  aircraft  that  Dr.  Bi^linghoff  referred  to  as 
needed  to  excite  these  young  people,  and  yet  that  very  night  I  listened 
to  a  team  of  commentators  and  one  of  them,  raising  his  eyebrows  and 
adjusting  his  voice  to  maybe,  to  imply  something,  said  ‘‘So  now  the 
rich  wiirbe  traveling  at  the  expense  of  the  taxpayers.” 
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Well,  I  don’t  view  it  in  that  light  at  all.  I  view  it  as  the  fact  that, 
and  I  am  sure  you  agree  with  me,  that  the  economic  feasibility  of  this 
advanced  type  of  transportation  will  be  not  one  to  necessarily  carry 
only  the  rich,  but  to  anyone  who  travels  now,  includiiw  students. 

^d  I  wonder  if  you  wouldn’t  agree^  too,  that  the  ^velopment  of 
this  type  of  new  air  transportation  will  certainly  keep  us  supreme 
in  this  field  of  technology  which  keeps  our  Nation  on  top,  and  helps 
in  the  end  to  alleviate  some  of  the  problems  of  congestion  of  airports, 
at  least  for  the  time  being. 

We  won’t  need  some  planes  at  least  if  they  are  going  to  pollute  the 
air,  if  they  are  going  to  travel  faster. 

Dr.  Bisplinohofp.  Well,  let  me  comment  on  your  statement  in  the 
following  way.  Congressman  Pelly.  I  think  you  have  put  your  finger 
on  a  very  important  turn  of  events  in  education.  There  is  a  true 
groundswell  among  students  of  science  and  engineering  toward  interest 
in  improving  the  environment,  in  improving  the  way  we  do  things 
on  earth,  and  one  of  the  results  of  this  is  an  increased  interest  on  the 
part  of  our  students  in  science  and  engineering  in  transportation  it¬ 
self. 

And  this  can  be  reflected  by  the  interest  we  find  among  other  students 
who  study  in  the  field  of  what  might  be  called  aerospace  engineering 
or  aeronautics  and  astronautics  I  noted  that  at  MIT  within  the  last  2 
years,  a  much  larger  proportion  of  our  students  have  become  inter¬ 
ested  in  aeronautics  and  air  breathing  and  air  vehicles  in  contrast  to 
space  than  we  have  had  in  the  past  7  or  8  years,  and  I  think  this  is 
simply  a  reflection  of  this  groundswell  that  you  alluded  to  right  at  the 
beginning  of  your  rranarks. 

And  I  would  say  this  is  one  of  the  bright  spots  insofar  as  our  dis¬ 
cussions  are  concerned  here,  relating  to  the  field  of  aeronautics  and  the 
application  of  aeronautics  to  improve  transportation.  With  resard  to 
the  SST,  I  have  been  an  SST  supporter  for  many  years.  I  could  only 
say  that  it  makes  sense  from  a  lot  of  viewpoints,  and  it  makes  a  great 
deal  sense  from  the  viewpoint  of  economics. 

It  is  a  good  B.  &  D.  investment  from  the  standpoint  of  a  later  eco¬ 
nomic  return  on  investment.  I  don’t  know  of  a  bdter  R.  &  D.  invest¬ 
ment  that  this  country  or  any  other  country  could  make. 

It  is  going  to  have  a  profound  influence  on  commerce  between  the 
United  States  and  particularly  in  the  long  run  the  other  countries  that 
we  have  to  reach  over  the  vast  expenses  of  the  Pacific  Ocean. 

Mr.  Pellt.  I  wish  you  had  used  Seattle  to  Tokyo  rather  than  San 
Francisco  in  the  illustration.  Dr.  Stever,  because  it  is  the  shortcut 
route  to  T<^a 

Dr.  Bisflikohoff.  If  I  would  have  had  the  proper  foresight,  I  would 
have  done  that. 

Dr.  Stever.  Mr.  Chairman,  may  I  add,  Mr.  Pelly,  may  I  add  one 
thing  to  what  Dr.  Bisplinghoff  said.  First  of  all,  I  will  reinforce  what 
he  said.  But  one  of  the  important  things,  I  think,  one  of  the  in^rtant 
meaiages  to  get  across  to  young  people  who  are  entering  the  Adds  of 
engineering  and  science,  is  that  in  the  case  of  some  of  these  nuisances, 
problems,  which  they  see  wound  them  in  the  environment — ^noise  and 
smoke  and  so  on — alleviation  cim  be  accomplished  by  more  and  better 
technology  in  a  society  th^  is  interested  in  doing  it.  In  fact,  I  can’t 
conceive  of  our  society  doing  it  without  better  technology. 
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I  think  we  can  have  better  air  transport  and  not  have  the  nuisance 
problem  grow,  the  noi^  and  the  smoke.  And  we  have  alret^y  begun 
to  prove  it  in  the  business  that  you  mentioned,  the  747.  While  the 
enpnes  are  four  times  as  powerful,  on  the  average,  as  t^  existing  jets, 
th^  are  not  noisier. 

In  fact,  the  whole  airplane  gives  the  impression  that  it  is  going 
to  come  out  with  the  same  noise  level  or  less.  The  same  can  be  said 
about  the  smoke  problem  of  aircraft.  That  can  be  eliminated.  So  I 
really  fed  that  as  a  country  we  have  got  to  encourage  the  young  peo¬ 
ple  to — if  they  want  to  do  something  about  the  nuisances  they  see 
about  them,  the  problems  of  the  environment — the  way  to  do  it  is 
through  the  proper  application  of  better  science  and  engineering  and 
technology. 

Mr.  PiiXiT.  Certainly  President  Kennedy  inspired  the  American 
p^ple  toward  the  goal  of  landing  a  man  on  the  moon  and  returning 
him.  With  the  same  kind  of  leadership  to  inspire  our  young  people 
in  r^arch  and  doing  something  about  the  environment  in  this  field, 
I  think  it  would  be  sufficient. 

Dr.  Stever.  It  would  be  a  tremendous  boon  to  those  of  us  who  are 
at  the  cutting  edge  of  education. 

Mr.  Hechus.  Well,  gentlemen,  I  am  no  expert  in  the  generation 
gap,  but  I  think  what  does  disturb  many  young  people  is  the  fact  that 
the  technology  is  here  in  many  cases.  Yet  there  are  human,  political, 
and  bureaucratic  stumbling  blocks  which  stand  in  the  way  of  solving 
these  very  serious  problems  that  confront  us  in  questions  like  the  pollu¬ 
tion  of  our  environment,  and  the  problem  such  as  you  have  touched  on. 

I  think  you  put  your  finger  on  it  very  well  in  analyzing  with  re¬ 
freshing  objectivity  what  had  happene*^  to  your  report,  and  I  like 
the  way  you  put  it.  There  is  a  gap  here  between  the  things  that  you 
have  set  forth  and  recommended  in  this  report,  and  their  application. 

Dr.  Stever.  Yes. 

Mr.  Hechler.  And  d^pite  the  good  cooperative  relationship  be- 
twwn  DOT  and  NASA,  it  strikes  me  there  is  still  a  lack  of  precision 
in  just  exactly  where  we  are  going  and  how  quickly  we  are  going  to 
get  there — in  fact,  even  where  we  ought  to  go  first  in  our  priority  list. 

Is  there  anything - 

Dr.  Stever.  I  agree ;  yes. 

Mr.  HroHiiER.  Is  there  any  clue  that  you  can  give  us  as  to  how  to 
move  a  little  faster  in  this  atmosphere  which  in  cold  weather  some¬ 
times  gets  a  little  like  molasses  t 

Dr.  Stever.  Well,_  of  course,  you  people  are  the  legislators  and  ou 
are  experts  at  cutting  through  and  reducing  the  molasses  quality 
of  our  environment,  and  I  must  say,  to  me,  there  are  lots  of  signs 
of  progress.  I  think  you  have  to  keep  it  up. 

You  know,  it  is  an  interesting  thing.  It  was  a  very  short  time  ago 
that  nobody  in  the  aeronautical  field  ever  really  felt  that  the  noise 
problem  of  airplanes  would  a  serious  problem.  But  all  of  a  sudden 
the  world  got  interested  in  it.  And  as  soon  as  they  got  interested, 
progress  began  to  come  up.  And  that  is  what  we  have  got  to  do. 

We  have  got  to  get  interest  in  the  solutions  being  pu^ed  into  the 
system  and  the  system  will  produce  these.  The  same  with  the  smoke  of 
airplanes.  The  747  doesn’t  smoke,  et  cetera. 

Mr.  Pellt.  Of  course,  if  I  might  inject  a  thou^t  here — and  I  don’t 
want  to  compete  with  the  Vice  President  in  attacking  the  news 
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media — I  think  we  need  some  more  balanced  news  reporting.  I  know 
as  far  as  the  SST  is  concerned  that  one  of  our  leading  local  papers  car¬ 
ried  the  armment  of  the  opposition,  and  the  task  force’s  adverse  re¬ 
port.  But,  they  never  saw  fit  to  carry  the  other  statement  that  the  head 
of  every  airline,  major  airline  in  the  country  was  supporting  it.  And 
I  think  they  sometimes  don’t  inspire  a  desire  to  overcome  what  you 
caU,  Dr.  Stever,  the  widespread  mood  for  not  venturing  in  technology 
at  this  time. 

I  think  we  need  a  little  better  reporting  somewhere. 

Dr.  Steveb.  Yes,  positive  thinking. 

Mr.  Hbchljs.  Well,  the  application  of  the  technology,  though, 
would  encourage  more  people  perhaps  to  get  into  it,  if  they  could  see 
it  being  used  and  see  some  of  the  factors  that  are  now  discouraging  its 
use  brushed  aside  a  little  faster. 

Dr.  Stever.  Yes. 

Mr.  Hechler.  Youth  is  always  very  impatient,  but  I  think  they  have 
great  reason  to  be  impatient,  when  you  see  the  way  in  which  some  of 
mese  problems  can  be  solved  with  current  technology. 

But  your  citation  of  the  way  in  which  we  have  become  awakened 
to  the  noise  problem  brings  to  mind  the  fact  that  the  airport  problem 
really  is  far  more  complex,  even,  than  you  have  indicated,  Dr.  Bis- 
plinghoff,  in  talking  about  design.  It  is  a  problem  of  diminishing 
amount  of  land  in  this  country. 

It  is  a  problem  of  the  loudest  voices  being  heard.  I  think  someone 
mentioned  before  this  committee  last  year  that  we  ought  to  have  a 
little  better  system  of  communicating  objective  facts  and  making 
available  planning  to  local  communities. 

I  don’t  know  if  that  is  the  answer,  but  right  now  those  who  oppose 
aU  action  or  progress  can  be  heard  and  they  are  masters  of  psychology. 
They  know  that  if  they  scream  loud  and  long  enough  about  certain 
things  that  they  are  not  going  to  be  done.  I  think  the  President  put 
his  finger  on  this  when  he  talked  atout  the  silent  majority.  Even 
though  I  happen  to  disagree  with  the  context  in  which  he  placed  it,  I 
think  there  is  an  area  m  aeronautics  that  we  ought  to  direct  our 
attention  to. 

Dr.  Stever.  Mr.  Chairman,  along  that  point  every  now  and  then  I 
see  a  favorable  sign.  It  is  in  connection  with  the  problems  that  have 
arisen  in  the  New  York  area,  with  respect  to  the  tremendous  job,  the 
difficulty  they  have  had  in  getting  the  fourth  jetport.  I  saw  in  the  pa-, 
pers  the  other  day  that  the  FAA  is  now  changing  its  approach  to  try 
to  solve  the  airport  problems  of  the  New  York  metropolitan  area  by  a 
different  approach,  not  to  have  a  fourth  jetjiort  but  to  make  greater  use 
of  smaller  fields,  make  greater  use  of  tne  STOL  and  VTOL  that  we 
are  so  anxious  to  have. 

But  that  very  problem,  the  increased  tension  in  the  New  York 
area  is,  I  think,  making  other  communities  more  aware  that  they 
have  got  to  go  to  a  systems  approach.  This  morning  or  in  the  very 
recent  past  I  saw  in  one  of  our  Pittsburgh  newspapers  where  Pitts¬ 
burgh  IS  also  planning  a  major  improvement  of  its  airport. 

But  in  addition  to  that  the  people  thinking  about  the  airports  in 
Pittsburgh  have  now  come  up  with  a  recommendation  that  the  air¬ 
port  authority,  the  county,  make  greater  use  of  the  three  or  four  other 
airports  around  and  begin  to  plan  them  into  the  system.  So  here  is 
progress  already  in  grader  communication  in  airport  planning. 
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Mr.  HECHUtR.  'Die  preamble  to  the  G>nstitution  starts  off,  “We^  the 
people  of  the  United  States,  in  order  to  form  a  more  perfect  Unicm.” 
In  tne  field  of  aviation  and  aeronautics,  one  would  thi^  that  toe  deci- 
si<m  were  100  jMrcent  by  and  for  the  benefit  of  one  community.  Yet 
we  have  entered  an  age  where  people  from  50  States  and  many  foreign 
nations  use  these  airports,  and  depend  on  the  safety,  location  and 
convenience  and  toe  other  factors  toat  are  so  important  to  everyone. 

Dr.  Bisplinohoit.  Mr.  Chairman,  as  a  scientist  and  engineer  1  am 
not  very  comfortable  with  our  record.  However,  in  dealing  with  some 
of  the  undesirable  effects  of  technolo^  on  society,  and  my  students 
remind  me  of  this  all  the  time,  that  toe  engineering  scientist  hasn’t 
been  very  responsible  in  this  connection. 

We  must  always  remember  that  there  is  an  economic  tradeoff  here. 
If  you  do  very  much  to  change  the  effect  on  the  environment  then 
it  is  going  to  cost  money.  If  you  do  quite  a  bit  it  is  ^ing  to  cost  quite 
a  bit  of  money,  and  in  almost  every  case,  including  toe  noise  produced 
by  aircraft,  there  is  a  very  large  economic  tradeoff.  And  unfortunately, 
we  somehow  or  other  have  not  had  the  ability  to  take  these  actions  our¬ 
selves.  We  have  had  to  wait  for  this  long  feedback  loop  to  take  over 
from  toe  people,  almost  up  to  the  Congress,  and  we  have  in  case  of 
aircraft  noise  had  to  rely  or  are  going  to  rely  on  Federal  regulations 
coming  down  from  the  top. 

I  am  not  ve^  comfortable  with  this,  myself.  I  think  it  is  one  way 
to  work,  but  I  believe  that  the  scientist  and  engineer  and  perhaps  the 
universities  may  be  able  to  exert  a  considerable  influence  on  this 
in  toe  future. 

But  we  have  to  get  some  smaller  feedback  loops  in  the  system  and 
some  shorter  reaction  times  than  we  now  have.  I  am  not  sure  that  I 
can  tell  you  how  to  do  thi&  but  it  may  be  necessary  to  do  it  within 
toe  executive  branch  of  the  Grovemment  in  some  way. 

But  we  have  to  find,  I  think,  a  better  way  of  dealing  with  the  long¬ 
term  undesirable  effects  of  technology  that  we  now  have. 

Mr.  Hechler.  Well,  I  agree  with  you  100  percent.  If  Mr.  Pelly 
would  allow  me  to  ^t  out  of  the  jurisdiction  of  our  committee 
again - 

Mr.  HECHI4ER.  Incidentally,  I  am  very  pleased  that  you  brought  this 
up  in  toe  presence  of  the  cnairman,  bwause  it  indicates  that  we  are 
going  down  the  right  line. 

But  just  as  a  side  observation,  in  the  area  of  coal  mining  we  have 
run  into  this  whole  problem  of  the  economic  incentive  producing 
mining  machines  which  dig  out  coal  faster,  and  damage  the  lungs  of 
toe  miners  more.  This  is  an  anali^us  byproduct  of  twhnology. 

But  when  we  get  this  back  to  the  committee’s  jurisdiction,  how  in 
the  area  of  aeronautics  can  we  proceed,  boto  in  Congr^  and  the  ex¬ 
ecutive  branch,  to  try  to  minimize  the  straight  economic  incentive  or 
fallout  of  technology,  and  try  to  make  sure  that  we  can  plan  in  line 
with  national  goals  and  priorities,  and  also  the  protection  of  our 
environment? 

Are  there  any  other  suggestions  you  have  along  those  lines? 

Dr.  Stbver.  Well,  I  think  the  pressures  from  the  people  are  getting 
so  great  that  everybody,  every  technical  person,  every  administrator, 
every  legislator  is  going  to  have  to  respond,  and  put  into  the  equations 
that  Dr.  Bisplinghoff  mentioned  the  environmental  factor,  as  well  as 
the  economic. 


200 


Mr.  HscHiiER.  There  is  one  factor  that  I  have  repeatedly  mentioned 
before  this  committee  and  that  is  leader^p. 

Mr.  Stever.  Yes,  ar. 

Mr.  Hechuil  It  is  highly  important  to  enunciate  a  national  g|^ 
that  will  take  into  consicferation  the  very  things  we  have  been  talking 
about. 

Dr.  Bispunohofp.  I  think  our  democratic  process  works  well  in 
this  connection.  The  only  thing  that  I  find  wrong  with  it  is  the  long 
feedback  time,  and  I  think  wiSi  new  technologies  developing,  we  are 
going  to  have  to  find  a  shorter  feedback  time. 

Mr.  Hechler.  I  rode  back  on  the  plane  on  Sunday  with  a  retired 
colonel  who  was  telling  me  about  his  experiences  in  Etniopia — oh,  how 
wonderful  it  was,  that  he  was  able  to  bring  the  Emperor  out  to  the 
edge  of  town  to  t^k  about  a  new  housing  development  that  they  were 
plaimi^  on  erecting. 

The  EmMror  had  asked  two  or  three  questions  about  it,  and  finally 
had  said,  “OK,  let’s  go  ahead,”  and  then  they  went  ahead. 

And,  of  course,  in  a  society  like  that,  there  are  many  other  problems, 
not  to  mention  palace  revolutions  that  you  have.  You  are  not  suggest¬ 
ing  that  we  go  that  course,  are  you  ? 

Dr.  Bismjnohoff.  No,  sir. 

Mr.  Pellt.  I  would  just  like  to  comment  that  I  think  this  has  been 
a  very  refreshing  and  very  objective  and  constructive  session  this 
morning,  and  I  want  to  thank  the  two  witnesses  for  making  it  that 
way. 

Mr.  HscHnER.  Yes,  I  certainly  share  those  sentiments. 

Along  the  lines  of  a  question  I  asked  Mr.  Lundin  earlier,  can  you 
asast  NASA  in  compiling  some  data  on  just  where  we  stand  insofar 
as  the  young  engineers  interested  in  aeronautics  are  concerned? 

We  have  made  several  comments  about  it,  but  I  think  we  ought  to 
tie  this  down  scientifically,  if  you  will,  in  terms  of  the  numbers,  aver¬ 
age  ages,  and  what  the  future  holds,  and  what  other  things  that  could 
and  should  be  done  in  order  to  insure  that  the  reservoir  is  replenished. 

Dr.  Bispukohoff.  Yes. 

Mr.  Hechter.  Are  there  any  observations  or  comments  that  either  of 
you  mntlemen  would  care  to  make? 

Ir  not,  we  certainly  thank  you,  Dr.  Bisplinghoff  and  Dr.  Stever. 

The  committee  stands  adjourned  until  tomorrow  at  10  a.m. 

(Whereupon,  at  this  time  the  committee  adjourned,  to  reconvene  at 
10  a.m.  on  TvednedOT,  Deromber  10, 1969.) 

(Dr.  Bisplinghoff  submitted  the  following  material  on  the  problems 
of  encouraging  younger  personnel  to  become  associated  with  the  field 
of  aeronautics?) 

Natiorai.  Aoadbmt  of  Erqikeebiro, 

Wathington,  D.O.,  January  IS,  1S70. 

Hon.  Ken  Hechusb, 

Chairman,  Subcommittee  on  Advanced  Reeearch  and  Technotogy,  Committee  on 
Science  and  Aatronautics,  Rayburn  Houae  Offlce  Building,  WaaMngton,  D.C. 

Dbab  Ken  :  When  Dr.  Stever  and  I  aroeared  before  your  Committee  on  De¬ 
cember  9,  you  asked  for  any  additional  bifomatiMi  we  mi^t  have  on  the  ques- 
ti<Hi  of  etooatlan  of  aeronautical  engineers  in  this  country. 

We  share  your  ccmcem  over  the  increasing  average  age  of  engineers  engaged 
in  the  research,  developmHit,  and  «iglneering  of  aUnospheiic  flight  vehicles. 
This  coincides  with  our  observations  of  a  general  decline  over  the  past  decade 
in  the  number  of  younger  people  entering  into  aeronautical  engineering. 
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It  la  doubtful  that  thia  trend  can  be  altered  aignificautly  unlesa  aome  of  the 
udderlylnir  cauaee  can  be  changed.  You  will  recall  that  we  mentioned  at  least 
three  factors  which  we  feel  have  contributed  to  this  unfortunate  situation.  Briefly, 
theae  are  the  great  upsurge  In  support  for  space  research  and  development  in 
the  early  and  mid  1960's,  the  concurrent  reduction  in  government  support  at 
universities  for  research  and  development  on  atmospheric  flight  vehicles,  and  the 
decline  in  the  number  of  new  aricraft  types  developed  in  the  United  States. 

Despite  what  appears  to  be  a  bleak  picture,  there  may  be  a  bright  spot  emerg¬ 
ing.  Data  available  at  MIT  Indicate  that  within  the  last  two  years  a  much  larger 
proportion  of  our  engineering  students  have  become  interested  in  aeronauUca 
and  air  vehicles  as  compared  to  space.  Thia  is  In  contrast  to  the  trend  established 
over  the  previous  seven  or  eight  years. 

I  believe  this  resurgence  in  aeronautics  can  he  accounted  for,  in  part  at  least, 
by  the  lucreasing  interest  of  science  and  engineering  students  in  improving  our 
national  environment  and  the  way  we  do  things  on  earth.  Hence,  air  pollution 
and  air  transportation,  to  name  only  two  current  major  problem  areas,  repre¬ 
sent  a  challenging  opportunity  for  the  young  aeronautical  engineer  to  make  a 
significant  conMbution  to  the  needs  ot  the  nation. 

Perhaps  greater  visibility  on  the  problems  and  challenges  of  civil  aviation  and 
its  Importance  to  the  national  welfare  could  still  influence  even  more  students 
to  embark  on  a  career  In  aeronautical  engineering.  In  general,  I  believe,  the 
young  students  of  today  must  be  shown  that  careers  in  science  and  engineering 
offer  one  of  the  best  opportunities  for  them  to  make  a  real  contribution  to  the 
betterment  of  the  quality  of  lUe. 

Dr.  Stever  and  I  hope  this  informatiou  will  be  useful  to  you  in  your  continuing 
effort  to  strengthen  the  technological  base  of  the  nation. 

Sincerely, 


R.  L.  Bispunohoff,  Chairman. 


AERONAUTICAL  RESEARCH 


WESNSSDAT,  1>S0BHBB&  10,  1009 

House  of  Hepbesentattves, 

Committee  on  iScienc®  and  AerrRONAimos, 
Subgommutee  on  Advanced  Beseabch  and  Technology, 

Washington,  D.G. 

The  suboommittee  met,  pursuant  to  adjournment,  at  10  a.m.,  in 
room  2325,  Rayburn  House  Office  Building,  Hon.  Ken  Hechler  (chair¬ 
man  of  the  subcommittee)  presiding. 

Mr.  Hechieb.  The  committee  wiU  be  in  order. 

This  morning  we  will  hear  from  Mr.  Fred  W.  Garry,  vice  president 
and  g^eral  manager,  Aircraft  Engine  Technical  Division,  Gleneral 
Electric  Co.  of  CJincinnati. 

Good  morning,  Mr.  Garry.  Do  you  have  a  prepared  statement  you 
wii^  to  present  to  the  subcommitt^? 

Mr.  Gabby.  Yes, sir;  I  do. 

Mr.  Hechleb.  You  may  proceed. 

SIATEHEHT  OF  FEED  W.  OASRT,  VICE  PKESCDEin  AFD  GENEBAL 

KAHAGEB,  AIBCRAFT  ENGINE  TECHNICAL  BiyiSION,  GENEBAL 

ELECTBIC  00.  OF  CINCINNATI,  OHIO 

Mr.  Gabby.  I  am  Fred  W.  Ga^,  vice  president.  General  Electric 
Aircraft  Engine  Technical  Division.  I  have  been  with  General  Elec¬ 
tric  since  1951  and  my  responsibilities  encompass  ell  phases  of  aircraft 
engine  design  for  the  General  Electric  Co.,  beginning  with  research 
and  development  and  extending  on  through  development  of  the  engines, 
the  qualificati<m  and  p<»tsale6  service. 

Mr.  Hechleb.  Excuse  me,  Mr.  Gkirry.  Without  objection,  I  would 
like  to  place  in  the  record  your  biographical  statement. 

Mr.  Gabby.  All  right,  fine. 

Mr.  Hechuu!.  You  may  proceed. 

(The  document  follows:) 

Fbedeuck  W.  Oaxbt,  Vice  Pbbsxmiit,  Aibobait  Bnoihx  Tbohrioai.  Division, 
OCNBBAL  StXOTBIO  CO.,  AibOBAIT  EnOINB  OBOUF 

Mr.  Oairy  graduated  from  Bose  Folytecfaalc  Instltate  with  a  B.S.M.E.  degree 
In  1961  and  received  a  Doctor  of  Engineering  degree  from  Bose  Polytechnic 
Inatltute  in  1968.  He  Joined  the  General  Electric  Company’s  Flight  Propulsion 
Division  in  1961  and  has  served  in  a  series  of  component  and  engUie  desl^  posi¬ 
tions.  Following  his  appointment  as  Design  Manager  of  the  Mach  3  J93  engine, 
he  became  Manager  of  the  CF700  Tnrbofan  Pr^ect  and,  shortly  thereafter, 
attained  reqponsibiUty  for  the  CjrSlO  Turbojet  Ingram  as  well.  He  was  ap¬ 
pointed  Manager— Engineering,  Producti<m  Engines,  1966;  General  Manager- 
Engineering,  1967 ;  and  was  elected  Vice  President  October  28, 1968. 

Mr.  Garry’s  rei^nslblllties  include  the  engineering  and  technical  program 
management  for  all  of  the  General  Electric  Airoiaft  Engine  Group’s  commercial 
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engines,  as  well  as  for  military  engines,  and  land  based  engine  applications.  Mr. 
Garry’s  aeronautical  background  and  current  activities  are  extensive  including : 
previous  military  experience  in  the  US  Marine  Corps  as  a  Naval  Flight  Training 
Instructor  and  pilot  of  fighter  aircraft,  current  member  of  the  Board  of  Di¬ 
rectors  of  Greater  Cincinnati  Airport,  member  of  the  SAB  (Society  of  Automo¬ 
tive  Engineers) ,  Aerospace  Council,  member  of  the  Executive  Committee  of  the 
Aerospace  Technical  Council  of  the  Aerospace  Industries  Association.  He  main¬ 
tains  an  interest  in  private  aircraft  fiylng;  as  an  active  commercial  rated  pilot, 
owns  a  private  aircraft,  and  is  a  member  of  the  AOPA  (Aircraft  Owners  and 
Pilots  Association ) . 

A  native  of  Stratford,  Connecticut,  Mr.  Garry  now  makes  his  home  with  his 
wife,  Betsy,  and  their  two  children,  in  Cincinnati,  Ohio. 


PBEPABd  STATEHSRT  OF  FbED  W.  GABBT,  ViCE  PBKSIDENT  and  GBNEatAt. 

Manaoeb,  AmcBATT  Enoine  Tbohnicai,  Division,  Genebal  EiEcmo  Ck>. — 

Oinginnati 

I.  INTBODITCnoS 

The  Aircraft  Engine  Group  has  produced  more  jet  engines  for  the  United 
States  Government  than  has  any  other  manufacturer.  We  have  been  producing  jet 
engines  since  1942  when  we  built  the  first  American  jet  engine.  The  Company 
has  now  produced  over  60,0(K)  aircraft  gas  turbine  engines  including  the  well 
known  J79  used  in  the  multi-service  F-4  Phantom,  and  the  T64  and  T58  engines, 
used  in  a  wide  variety  of  Navy,  Army,  and  Air  Force  helicopters.  In  addition,  the 
Company  has  experience  in  the  commercial  engine  business  with  the  OJ860  engine 
series  currently  in  service  on  the  CV880  and  OV990  aircraft.  The  applications  of 
our  engine  range  from  supersonic  aircraft  to  Navy  patrol  gun  boats. 

As  a  part  of  these  engine  programs,  the  Aircraft  Engine  Gronp  has  carried  out 
extensive  research  and  development  related  to  engine  noise  abatement  since  the 
mid  IfiCO’s.  From  this  period  of  time  to  the  present,  the  Aircraft  Engine  Group 
has  developed  extensive  indoor  and  outdoor  noise  testing  facilities.  These  noise 
resources  are  located  at  the  Research  and  Development  Center,  Schenectady, 
N.T.;  far  field  noise  test  facilities  at  Peebles,  Ohio;  laboratory  facilities  at 
Evendale,  Ohio;  and  ground  and  flight  test  noise  facilities  at  General  Electric 
Plight  Test  Center,  Edwards  AB3,  California  (Figures  1  &  2) . 
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n.  PBB8PECTIVE 

In  a  few  days  we  will  enter  a  new  decade,  the  seventies  which  promise  many 
great  things  for  air  transportation.  The  new  Jumbo  Jet  airliners  (DCIO,  747, 
Lion,  A3W)  will  become  commonplace  by  1980.  The  new  Jets  will  carry  up  to 
500  iiersons  compared  to  about  150  in  today’s  large  airplanes.  Powerful  turbofan 
Jet  engines  of  40,000  and  50,000  pounds  thrust,  compared  to  about  12,000  to  20,000 
pounds  thrust  of  engines  in  today's  commercial  airplanes,  represent  a  most  diffi¬ 
cult  technological  job  in  restraining  their  sounds  to  not  only  be  no  noisier  than 
today’s  airplanes,  but  to  be  even  quieter. 

For  a  number  of  years,  we  have  been  working  bard  to  determine  exactly  what 
causes  the  noise  from  a  tnrbofan  engine,  and  secondly,  to  evaluate  many  ideas 
to  alleviate  that  noise.  We  do  not  know  how  to  make  a  powerful  turbofan  engine 
noiseless ;  but  we  have  made  progress,  stimulated  by  Government  agencies  and 
the  airlines,  in  understanding  and  reducing  aircraft  engine  sound  levels  and, 
now  the  Experimental  Quiet  Engine  contract  from  NASA,  we  are  hopeful  that 
further  progress  can  be  demonstrated,  the  results  of  which  will  be  available  to 
all  aircraft  engine  and  airplane  manufacturers. 

m.  PBOOBEBB  IN  SOUND  BEDUOTION  FOB  HIOH  BYPASS  JUMBO  JET  ENGINES 

Before  proceeding  to  a  discussion  of  the  Quiet  Engine  Research  I’d  like  to 
provide  some  perspective  on  the  state-of-the-art  of  low  noise  technology  to  be 
Incorporated  into  the  second  generation  jet  airliners.  The  General  Electric 
Ck>mpany  has  been  selected  to  provide  new  type  engines  for  the  two  new  Jumbo 
Jets,  the  DC-10  and  the  Sub  A300B.  Since  we  built  the  first  American  jet 
engine  a  number  of  years  ago,  my  Company  has  had  a  record  of  achievement  in 
innovation  regarding  the  design  of  aircraft  engines ;  and  in  1964  we  proposed  a 
new  engine  concept  for  the  C-^  airplane,  the  so-called  high  bypass  engine.  Not  only 
did  this  new  kind  aircraft  engine  show,  in  some  6,000  engine  hours  of  successful 
fiigbt,  that  high  levels  of  thrust  and  new  low  levels  of  fuel  consumption  were 
possible,  but  the  engine  sound  i'’  ith  a  minimal  of  special  attention  to  noise 
reduction  features)  was  much  lower  than  what  might  be  expected  from  its  size 
alone.  Furthermore,  the  quality  of  the  engine’s  sound  and  its  fiy-over  character¬ 
istics  were  less  annoying.  In  the  past  year,  we  have  designed  and  tested  a 
38-681  0—70 - 14 
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commercial  reiaion  (CItl)  of  thia  hlfh  bypaaa  engine.  Thla  commercial  design, 
bowever,  also  IndndM  natures  that  our  leseaieh  has  proven  to  reduce  mdse. 
^ecUc  amimg  these  low  ndse  design  features  an : 

(1)  The  hi|^  bn>as8  amine  conemt  where  80%  the  thmst  comes  from 
the  air  going  through  the  7  foot  fs^  developing  the  thrust  by  using  more 
Jet  air  at  lower  Jet  velocity  than  the  engines  now  in  service  which  have 
fans  that  use  sm^ler  quantities  air  at  high  jet  velocities. 

(2)  A  minimum  of  ncdse  Interaction  effect  between  the  stationary  and 
rotating  components  by  eliminating  inlet  guide  vanes,  axially  placing  the 
outlet  guide  vanes  away  from  the  rotor;  and  providing  a  hlfh  ratio  of 
outlet  ^de  vanes  to  rotor  blade  number  (Figure  8). 

(8)  The  use  of  a  special  sound  absorbing  material  develc^ied  by  General 
Btoctrlc,  in  the  fan  ducts  (Figures  Sand  4). 
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Figubb  4 

Based  upmi  ground  static  scale  model  and  fall  scale  tests  of  the  CF6  engine 
derign.  It  is  anticipated  that  a  noise  reduction  of  the  order  of  10  PNdB  will 
be  realised,  as  compared  to  a  design  not  utilising  noise  reduction  design  fea¬ 
tures.  This  amounts  to  approximately  a  ninety  percent  reduction  in  noise  energy 
from  the  turbofan  engine  system. 

I  would  like  to  {day  a  short  sound  tape  that  demonstrates  the  progress  we 
haye  made  in  maUng  our  new  alrOaft  engines  quieter  than  engines  on  air¬ 
planes  operating  at  airports  today,  erat  though  the  new  engines  are  mudi 
more  powerful  and  would  otherwiro  be  far  more  nosier  than  today’s  aircraft 
engines.  In  the  tape  which  yon  hear,  the  message  is  simide — we  hare 
used  the  teduudogtes  which  I  just  describe  to  make  new  and  powerful  air¬ 
craft  engines  quieter  than  old  design  engines  now  in  serrice.  (Tape). 

IV.  ITASA  EXPEBUKUTAI.  QUIET  ENGINE  FBOffitAM 

'  General  Electric’s  portion  of  the  NASA  Experimental  Quiet  Engine  Program 

la  a  fan  source  noise  reduction  research  program.  It  is  a  technology  program, 
not  a  powerplant  product  development,  per  se,  but  it  will  obviously  have  sig¬ 
nificant  implications  for  farther  turbofan  power^dants.  It  is  anticipated  that 
the  results  of  this  program  will  enable  a  15  to  20  PNdB  noise  reduction  over 
current  day  cmnmeiclal  aircraft 

This  $18.7  million  two  phase  program,  initiated  in  July  1960,  will  cover  a 
time-span  of  thirty-eight  months.  By  the  fall  of  1972,  all  scale  model  and  full 
scale  fan  componmits,  as  well  as  engine  testing,  wiU  have  been  comideted. 

The  design  phase  (inlttated  mid  1^)  is  nearing  comidetion  and  is  on  sdied- 
nle  for  completion  by  December  31,  1969.  The  Phase  II  (option)  is  scheduled 
for  initiation  in  January  1070  and  will  carry  the  program  through  the  testing 
of  components  and  full  scale  engines.  'The  funds  allocated  and  planned  for  the 
program  are  believed  adequate  to  support  the  contracted  program. 

Important  technical  objectives  of  the  Experimental  Quiet  Engine  Program 
are  illustrated  by  ngure  5.  These  objectives  are  noise  evaluation  of  low  tip 
speed  versus  low  aerodynamically  loaded  fans ;  noise  evaluation  of  specific  fan 
tip  features  designed  to  reduce  fan  source  noiro  generation;  and  noise  evalua¬ 
tion  of  acoustically  treated  full  scale  turlmfans.  An  additional  technical  objec¬ 
tive  throughout  the  program  will  be  the  correlation  of  acoustic  theory  with  the 
experimental  test  results. 
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A  L  O  B  J  t  CA  i  V  e  s 


EVALUATE 

•  LOW-SPEED  AND  LOW-LOADING  FANS 

•  FAN  SOURCE  NOISE  REDUCTION 
DESIGN  FEATURES 

•  ACOUSTICALLY  TREATED 
TURBOFAN  ENGINES 

CORRELATE 

•  ACOUSTIC  THEORY  WITH 
EXPERIMENTAL  DATA 

FioireE  S 

Bzperimental  data  already  collected  by  GB  aeepi  to  indicate  that  low  qieed 
fans  exhlMt  a  more  pronounced  pore  tone  noise,  whereas  low-aerodynamically- 
loaded  fans  seem  to  exhibit  somewhat  more  pronounced  broadband  noise  leveto 
as  a  function  of  frequency  (Figure  6).  The  Experimental  Quiet  Engine  Program 
will  provide  the  means  to  further  analyse  these  indlcattons,  and  to  update  and 
increase  our  undentandlng. 
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Aa  a  part  of  the  dealgn  i^uiae,  the  dealcn  of  time  dUteieat  fana  baa  been 
oompleted.  All  of  theae  deai^  «»taln  loir  nolae  deirign  featnrea  indicated  by 
Bltnre  7.  Baaed  on  teat  reantta  from  the  jnegram,  a  fourth  fan  will  be  dertgned 
and  fabricated  In  29TL  Thla  latter  fan  will  Incorporate  the  more  rfynHhwnt 
dcdlgn  fbatnres  that  bare  ahown  pcomlae  of  nolae  redaction.  All  of  tlwee  fans 
are  deaigned  to  operate  In  ciwJnnotlon  with  the  TF89/CFd  core  asgine,  thna 
making  np  a  fall  aeale  tnrbofan  engine  ayateoL 
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The  different  characterlstlca  of  the  three  fan  designs  are  illnstrated  by  Fignres 
8,  9,  and  10.  Two  of  the  fans  are  relatively  low  tip  speed.  The  third  is  a  low 
aerodynamically  loaded  fan.  Taken  together,  the  three  fan  designs  will  span 
a  range  of  dp  speed  and  aerodynamic  loading.  The  effects  of  these  parameters 
(as  they  relate  to  blade  passing  freqnency  and  broadband  noise),  therefore,  will 
be  eralaated  in  Phase  II  along  with  other  parameters  such  as  blade  number, 
blade-yane  rado  and  blade-vane-spacing.  In  addiUon,  the  fan  designs  contain 
acousdc  treatment  in  the  fan  ducts  enabling  Phase  II  evaluadon  of  the  fans 
with  and  without  the  acousdc  treatment  (Figure  11). 


FAN 

A 

B 

DESIGN  TIP  SPEED,  fps 

1,100 

1,100 

DESIGN  PRESSURE  RATIO 

1.5 

1.5 

BLADE/VANE  RATIO 

40/90 

26/60 

SHROUDS 

TIP 

NO 

FAN 

C 

DESIGN  TIP  SPEED, fps 

1,550 

DESIGN  PRESSURE  RATIO 

1.6 

BLADE/VANE  RATIO 

26/60 

MID-SPAN  SHROUD 
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QUIET  ENGINE  PROGRAM 


LOW  SPEED 

HIGH  LOAD  FANS  (A&B) 


HIGH  SPEED 
LOW  LOAD  FAN  (C) 


FANS 

A 

B 

C 

DESIGN  TIP  SPEED,  fps 

1100 

1100 

1550 

DESIGN  PRESSURE  RATIO 

1.5 

1.5 

1.6 

BLADE/VANE  RATIO 
SHROUDS 

40/90 

TIP 

26/60 

NONE 

26/60 

G32.1069 
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Omwarrent  wltb  the  toU-acele  fan  deeign,  the  program  idan  calls  for  carrying 
<mt  a  comptdieiiilre  acoostle  scale  model  fan  design  irtieretn  nnigpe  noise  re- 
dnctfam  fetttnres  are  incorporated.  Among  the  noise  reduction  design  featares 
(iUmitratedhyFlgareia)  ate: 


SCALE  MODEL  EVALUATION 


0 

SERRATED 

LEADING 

EDGE 

nn 


SLOTTED  TIP 


UNSHROUDED 
B  &  C  FANS 


BLEED 


CASING  BOUNDARY  LAYER  CONTROL 

070-1069 
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Serrated  fan  Hade  leading  edges. 

Slotted  tip  blades. 

Casing  boundary  layer  control,  tip  bleeding. 

Other  ideas  that  develi^  as  the  program  proceeds  can  become  additional 
program  options. 

Pha»el»tatus 
Design  Completed : 

Full  Scale  Fans  A,  B,  and  C. 

Low  Pressure  Turbine  (4  Stage  for  fan  engine  configurations  A/B ) . 

Low  Pressure  Turbine  (2  Stage  for  fan  engine  configuration  C) . 

Engine  Ccmfiguratlons  A,  B,  and  C. 

Acoustic  Scale  Model  Test  Vehicle. 

Installation  Test  Bbrdware  for  Fans  A,  B,  and  C  Component  Aero  Tests. 
Hardware  Beleased  for  Procurement : 

Full  Scale  Fan  B — All 

Full  Scale  Fan  A — ^All  Except  50%  of  Fan  Rotor 
Full  Scale  Fan  C— 60% 

Acoustic  Scale  Model  Fan  B — All 
Acoustic  Scale  Model  Fan  C— All 

Texts  In  Process :  Subsonic  Wind  Tunnel  Apparatus  Checkout  Test  for  Leading 
Edge  Serrated  Fan  Blade  Conflguraticm 

Experimental  Quiet  Engine  Program  Design  Review:  NASA/Lewis  Phase  I  De¬ 
sign  Review,  December  8, 9,  lOW 

Phase  II  of  the  program  will  include :  the  completion  of  procurement  of  the 
full  scale  hardware ;  completion  of  procurement  of  the  half  scale  model  fan  hard¬ 
ware  ;  aerodynamic  and  acoustic  testing  of  the  fans  as  components ;  and  acoustic 
testing  of  the  turbofan  engines. 
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The  three  fall  scale  fans  will  be  first  aerodynamically  tested  at  General  fflec- 
trlc’s  fall  scale  fan  test  facility  at  Lynn,  Massachusetts  (Figure  13).  The  fans 
will  then  be  delivered  to  NASA-Lewis  for  acoustical  test  In  the  Lewis  Fan  Test 
Facility. 

The  fourth  full  scale  fan  will  be  designed,  fabricated,  and  aerodynamically 
tested  in  the  Lynn  facility. 

In  parallel  with  the  full  scale  fan  component  aerodynamic  and  acoustic  evalua¬ 
tion  at  the  NAS  A-Lewls,  the  noise  design  tip  features  will  be  evaluated  in  approx¬ 
imately  50  percent  scale  model  at  the  Peebles,  Ohio  far  field  acoustic  test  facility 
(Figure  14). 
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The  final  Dortlon  of  the  program  will  Inclnde  the  aero/acouetlc  evalnatira  of 
th^  fall  8<^  fans  Installed  on  one  of  two  experiment^  engl^s  at 
tri^  fall  scale,  far  field  acoustic  facility  at  Peebles,  Ohio 
tSa  eTOluaOon  program,  it  is  anticipated  that  several  acousttc 
b^made  to  the  fan  configurations,  based  upon  analysis  and  respite 
TOrtlons  of  the  overall  program.  Extended  duct  acoustic  treatment  JJ? 

CTaluated  during  this  full  scale  test  program.  Correlation  of  acoustic  theory  and 

®*rS*fecto?i^thi  of  the  TF39A;Fe  core  engine.  Use  of  the 

fallv-developed  proven  IT^fi/CFfi  core  will  make  possible  the  ctmcentration  of 
develSKort  Jhere  it  b4longs-^n  fan  noise  r^uctlon.  TOe  P«>ve^ore  will 
allow  qSck  turn-arounds  and  no  disruption  in  testing  activities,  as  ^ 

with  an  undeveloped  core.  It  will  also  permit  “ 

realistic  enaine/nacelle  environments.  All  of  the  factors  of  the  insWled  engi 

?iStet,  fan,  turb«>machlnery,  exhaust  etc.  is  thereby  measured 

and  the  need  for  other  nacelle  or  engine  treatment  establish^. 

Flowing  the  completion  of  all  fan  development  a^engine  twtog, 
teat  enalnes  will  be  refurbished,  packaged  and  shipped  to  the  NASA-L«wis  ^ 
march  ^^.ter  for  further  testing  and  evaluation.  The  fan  to  be  insta).^  on  this 
^iS  byThe  NASA  project  Manager  from  the  configurations 

"tee  Quiet  Engine  Program,  which  should  be  of  in¬ 
terest  to  all  is  the  preliminary  design  study  of  a  flight  design  high 
which  GB  will  conduct  near  the  end  of  the  program.  This  design  stu^ 
corporate  the  promising  noise  reduction  features  developed  “®d  Ml^rlmentaUy 
evaluated  in  t^Qulet  Engine  Program.  These  data  will  be  suiyhed  by 
aU  engine  manufeotnrers  and  should  point  the  way  to  much  quieter  engines 

in  the  future. 
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V.  BELARD  BAD  NMSE  BBOVOTION  PBOWAMB  AT  OBKEBAI.  KUSOIBIC 

FAA  fan  noite  prt  action  program 

The  objectives  of  the  24-iiiontb  General  Electric  cost  shared  program  to  be 
concluded  In  July  1970,  are  to  develop  and  verify  advanced  compressor/fan  noise 
prediction  methods  and  to  demonstrate  noise  prediction  and  reduction  on  fan 
vehicles  typical  of  modern  design  technology.  The  work  is  to  be  accomplished 
in  seven  interrelated  phases. 

In  Phase  1,  the  relationships  which  define  'the  fundamental  noise  generation 
and  transmiskon  mechanisma  have  bera  identified  and  related  to  the  character¬ 
istics  of  acoustic  wave  motion.  Prediction  techniriues  which  are  based  only  on  the 
aerothermodynamic  and  geometric  characteristics  of  fan/compressor  turbo- 
machinery  have  been  developed.  These  techniques  are  based  solely  upon  analytical 
description  of  turbomachinery  aerodynamics  and,  unlike  all  previous  prediction 
techniques,  do  not  require  empiricism  of  unrelated  noise  data  to  enable  accurate 
predictltHiB. 

Phase  2  has  shown  accurate  prediction  of  noise  data  from  six  fali/compressor 
vehicles  ranging  in  size  from  six  inches  to  93  inches  in  diameter.  Figures  16 
and  17  show  two  of  the  large  scale  vehicles  tested.  The  prediction  method  is  highly 
accurate,  as  shown  by  the  test  data  on  the  TF39(GEl/6)  development  vehicle, 
(Figure  17). 
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TF39  D  V  FUNDAMENTAL 
BLADE  PASSING  FREQUENCY 


25  BUDE  ROTOR 


FAN  SPEED,  RPM 


FlOUBB  17 


217 


Phase  8  will  pcorlde  vexlflcatioD  of  the  pndletton  tedmlQoea  on  a  late  modti 
advanced  mpetaonlc  tip  speed,  high  bjrpeas  ratio,  tan  vehicle.  Hie  data  from  this 
vehide  have  alreadr  tieen  taken. 

Phase  4  is  an  anal^tleal  phase  which  is  extending  the  basic  prediction  technigne 
to  allow  evaluation  of  speclflc  design  parameters  on  fan  noise.  This  phase  will 
enaUe  accurate  tradeniff  studies  to  be  made  considering  the  dtects  of  blade-vane 
spacing,  numbers  of  blades  and  vanes,  tip  speed,  blade  wake  control,  and  inlet 
dioUng. 

Phases  5  and  6  involve  a  aeries  of  experiments  designed  to  demonstrate  the 
accuracy  of  the  prediction  technique  on  key  fan  design  parameters  and  speclflc 
noise  reduction  techniques  which  can  be  aocompUshed  within  basic  fan  design 
parameters. 

Tests  have  already  been  completed  which  demonstrate  tiie  effectiveness  of 
the  prediction  technique  in  accurately  forecasting  the  measured  noise  level 
Improvements  which  can  be  achieved  by  proper  Section  of  vane  and  blade 
numbers  in  a  modem  fan  vebl<de.  Other  tests  to  be  run  include  evaluation 
of  such  parameters  as;  vane-rotor  blade  spacing,  blade  loading,  inlet  guide 
vane  incidence  angle,  blade  wage  control,  swept  rotors,  refraction  of  sound 
through  fan  discharge  exhausts,  and  the  wave  canceUation/reinfotcemmit  i^e- 
nomena  associated  with  propagation  of  acoustic  waves  from  a  fan.  In  addition, 
an  extensive  test  program  is  bting  conducted  on  a  twodimensional  cascade 
to  derive  the  wake  vortex  characteristics  which  control  the  white  ncdse  gen¬ 
erated  by  rotating  fan  stages. 

niase  7  will  exerdse  the  prediction  tedmiqne  on  a  series  of  turbojet  and 
turbofans,  not  previously  tested  in  the  program.  The  additional  correlations 
will  be  performed  to  provide  assurance  tiiat  the  prediction  technique  is  ctunpre- 
hensive  and  can  accurately  be  aKilied  to  a  wide  variety  of  fan  designs  and  sites. 

When  completed,  the  program  will  enable  the  engine  designer  to  more  accu¬ 
rately  assess  parameter  trade-offs  in  the  design  phase  of  a  new  engine. 

NASA  Lift  Fan  Noise  Research 

The  following  program  summaries  are  based  on  funded  programs  by  NASA 
to  further  research  in  lowering  of  noise  levels  in  high  bypass  lift  fan  systems 
for  STOL  and  V/STOL  commercial  transports. 

1.  Lift  Fan  Noise  Reaction  Stugies. — A  nine-month  program  was  conducted 
to  evaluate  noise  reduction  methods  in  terms  (ff  their  effects  on  lift  fon  desigm- 
Two  lift  fans  were  used  as  design  points.  These  fans  were  analytically  modified 
to  study  acoustic  reduction  by  trade-offs  in  fan  pressure  ratio,  tip  sp^,  rotor- 
stator  spacing,  number  of  blades  and  vanes  and  the  use  of  various  tn^es  of 
acoustic  materials. 

Hie  basepolnt  fan  has  a  500  feet  sideline,  noise  of  119  PndB.  The  quiet  version 
of  this  fan  has  a  500  feet  sideline  noise  of  only  99  FNdB,  a  reduction  of  20  PNdB. 
The  fan  lift  is  unchanged.  The  fan  diameter  is  increased  by  one  inch,  the  fan 
weight  Is  Increased  by  17%,  and  the  fan  thickness  is  increased  by  three  inches. 

2.  Lift  Fan  A  d  B  (LFiSS  Ad  B)  Noise  Measurement  Program. — Noise  meas¬ 
urements  were  taken  on  Lift  Xto  A  (.25  chords  qiacing).  (Figures  18,  19,  and 
20),  and  the  Lift  Fan  B  (2  chords  spacing).  Noise  predictions  were  made  prior  to 
the  test 

The  predicted  and  measured  noise  levels  agreed  and  thus  substantiated  ana¬ 
lytical  noise  prediction  techniques.  The  change  in  spacing  decreased  500  feet  side¬ 
line  noise  by  7  PNdB,  (Figure  21). 

3.  Lift  Fan  O  (LFSSOC)  Noise  Measurement  Program. — ^Hardware  is  now  in 
manufacture  with  tests  to  begin  December  1909.  The  program  will  investigate 
effects  of  vane  configuration,  vane  number,  spacing,  acoustic  exhaust  duct  treat¬ 
ment,  and  acoustic  treated  exit  louvers,  (filgure  22).  Noise  predictions  for  each 
configuration  have  been  made  prior  to  test. 

Noise  estimates  predict  a  14  PNdB  reduction  will  be  demonstrated  at  the  500 
feet  sideline  between  the  configurations  A  &  C  Lift  Fans.  Tests  will  substantiate 
this  reduction  by  March  1970.  Additional  reductions  could  be  obtained  by  blade 
number  increase  and  by  additional  acoustic  treatment  beyond  the  Uft  B^n  C 
test  configuration. 

4.  Advanced  Lift  Fan  Acoustic  Design. — ^The  preliminary  lift  fan  configuration 
for  a  future  STOL  end  V/STOL  transport  demonstration  will  have  90  blades,  high 
vane/blade  ratio,  2  chords  axial  spacing,  and  will  incorporate  acoustic  exhaust 
duct  treatment  and  acoustic  treated  exit  louvers. 
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PicUmlnuy  deaisn  gtndles  will  be  conducted  to  evaluate  the  noise  levd  <rf  the 
selected  oonli«aratl<m.  and  to  evaluate  the  use  of  an  additional  acoustic  duct 
sputter  in  the  exhaust  and  inlet  un  Fan  C  test  results  wiU  be  factored  into 
the  Bnal  fan  conaguratlon  prior  to  start  of  detail  design. 

Basic  analytical  and  experimental  research  on  ]et  noise  and  fan  noise  is  carried 
out  at  the  SAenectady  Research  and  Developmoit  Goiter,  including  programs 
sponsored  by  NASA  Headquarters  in  Washington.  This  ^ort  aims  at  detailed 
understanding  of  mechanisms  of  noise  generation,  transmission  and  suppression, 
so  that  resulting  technology  can  be  used  in  Improving  design  methods  of  noise 
control.  Extensive  acoustic  test  faculties  have  been  developed,  including  the 
FAA — spmisored  Scale  Model  Freon  Compressor  FaciUty,  an  electronic  simulator 
for  fhn  noise  transmission  and  a  hydraulic  simulator  for  fan  rotor  blade — stator 
vane  Interaction  noise. 

To  carry  out  engine  noise  reduction  design  effort  effectively,  one  must  first 
provide  the  engine  designer  wirii  adequate  ‘Yardsticks”  by  which  the  low  noise 
engine  designs  can  be  measured,  as  the  dee4pis  are  conceived.  To  develop  such 
"yardsticks”  involves  the  recording  of  noises  as  they  are  beard  by  peoide  at 
ground  level  under  the  fiight  paths  of  aircraft,  and  subsequently  subjecting 
groups  of  people  to  these  noises  to  determine  their  peychoaconsttc  response  (sub¬ 
jective  raUng),  (Figure  23). 

For  the  past  several  years,  Oeneral  Electric  has  carried  out  a  substantial 
fiyover  noise  program,  recording  noises,  for  example,  from  sncb  aircraft  as 
the  Convalr  880,  Convair  090,  Falcon  Fanjet,  Boeing  707  and  727,  BAClll, 
Douglas  DCS,  and  the  Lockheed  C-5.  This  type  of  fiy-by  testing  iwovides  in¬ 
formation  that  enables  the  designer  to  predict  more  accurately  fiyover  noise 
from  initial  static  ground  tests  of  engines  during  the  early  engine  develoi»nent 
phase.  In  addition,  sudi  measurements  for  new  aircraft  can  be  compared  di¬ 
rectly  with  those  of  current  day  aircraft.  For  example,  fiyover  measurements 
of  the  C-6  indicated  this  aircraft  to  be  about  the  same  noise  level  as  the  current 
commercial  Boring  707,  even  though  the  G-6  is  approximately  twice  the  gross 
wriiht  with  twice  the  thrust. 

General  Electric’s  psychoacoustic  noise  evaluation  program  is  carried  out  at 
the  Schenectady  Resrarch  and  Development  Center.  This  program  is  designed 
to  understand  better  what  types  of  noises  ate  more  annoying  to  iwople  and 


4b.  MEOICTED  MINUS  JUDGED 


mi 

TONE  CORRECTED  PNL 
IMPROVED  TONE  CORR.  (ANL) 

EFFECTS  BEING  CONSIDERED 

•  ^URE  TONE  •  NUMBER  OF  EXPOSURES 

•  TIME  DURATION  •  TIME  OF  DAY 

•  MUITIPIE  PURE  TONE  »  AIRPORT  LOCATION 

EPNdb  =  PN4b  +  TONE  CORRECTION  +  TIMS  DURATION 
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sabseqoently  to  devel<9  better  ratbag  scales  (“yardstocka”)  to  be  need  by  the 
acoustic  design  engineera.  Inciuded  as  some  of  the  variables  in  the  subiective 
noises  that  are  evaluated  by  groups  of  people  are :  pure  twie  content,  mdltiide 
pure  tone  content,  time  duration  of  noise  and  number  of  exposures. 

VI.  BECOUMENDED  ADDITIONAL  NOISE  SEDUCTION  KE8EABCH  AND  DEVELOPMENT 

A  primary  objective  of  the  current  experimental  quiet  engine  program  is  the 
identification  of  means  for  significant  noise  rednctim  for  the  fan  of  the  high 
bypass  fgnjet  engine.  This  ncfise  reduction,  coupled  with  low  core  engine  Jet 
velocities  should  provide  for  a  15  to  20  PNdB  reduction  in  mrfse  as  compared 
to  comparable,  current  commercial  engines.  At  this  level,  ntrise  from  other 
engine  sources  sudi  as  the  compressor  and  turbine  will  begin  to  be  heai^ 
Attention  will  have  to  be  directed  to  these  sources  if  further  overall  noise 
reduction  is  to  be  achieved.  Two  alternative  noise  reduction  aH>roaches  might 
tb«i  be  pursued — either  the  reduction  comiwessor  and  turbine  noise  by 
design  (as  has  been  accmnplhdied  to  a  subcNantial  degree  with  the  fan)  or  the 
development  of  acoustic  treatment  adequate  to  withstand  the  hot  sectimi  envlron- 
(ment  of  compressor  and  turbine  exhausts.  In  the  final  analysis,  both  aiproaches 
may  be  necessary. 

Although  significant  progress  has  been  made  in  fan  noise  reduction,  much  of 
the  progress  has  been  made  on  the  basis  of  observation  and  empirical  correlation 
of  test  results.  Additional  research  and  devel<H»nent  is  needed  to  determine  the 
cause  of  noise  generation  in  fans,  compressors  and  turbines,  so  that  further 
reduction  in  noiw  from  these  components  can  be  adileved.  In  addition,  further 
work  should  be  done  to  understand  the  transmission  of  noise  from  the  source  to 
the  surroundings,  and  to  develop  noise  control  techniques  to  further  reduce  the 
levels  transmitted. 

Acoustic  treatment  research  and  deveiomnent  to  date  has  c<mcentrated  on 
specific  application  to  high  bypass  ratio  fanjet  migines  such  as  the  CF6  for  the 
DC-10  aircraft,  or  on  investigation  of  low  bypass  ratio  fanjet  migines  of  today’s 
fleet  of  DC-8  and  707  aircraft  Generalised  investigations  of  hi^  bypass  ratio 
fanjet  engine  treatment  are  required.  Improvement  and  acoustic  treatmmit  for  the 
cold  section  environment  of  fan  and  comiMesaor  must  be  obtained,  leading  to  mrae 
SS-eSl  0—70 - 16 
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•MtettnaMiitf  tmtMBt  ta  tanu  tt  aotot  ntoetlon  pnimtt  wdgtit  and  permit 
coat  A  laxto  aeaie  loaBaith  aad  dafoiopeuBt  pracxam  on  aconatle  treatmant  la 
N«ttnd.  laad^Bp  alao  to  Mgk  taaaparatBta  tnataant  tn  con  engtaa  udiaiiitB. 

tkawaadeoca  aofjaaJMialattTa  air  Ttf^tlaa  will  eatabllah  a  oirfae 
lavat  liuit  will  ba  dWentt  to  lowar.  Hadl  addltioBal  raeaatch  and  dev^cvoMHit  is 
loqnlrod  on  Jot  aoiao,  and.  in  parttcalar.  low  rdoclty  Jot  wdaa  aodi  as  preaent  in 
Um  barpaaa  ratio  flajat  anclnos  and  docecaat  Ibr  ftitwa  short  takeoff  and  landing 
aircraft.  OonsUamUy  note  inaldht  into  ttn  exact  natnia  and  uedianisBu  of  Jet 
noisa  generation  Is  leonlied  in  orter  to  lead  to  effective  means  of  Jet  noise  c<mtroL 

At  the  preemit  time,  the  main  noise  measnrement  scales  need  are  Perceived 
Noise  Decibels  and  Effective  Perceived  Noise  Dedb^,  Including  the  effects  of 
noise  duration  and  pure  tone  noise.  There  Is  not  adequate  agreement  among  the 
various  agencies  and  Industry  as  to  what  a  good  and  snillclent  rating  scale  for 
aircraft  noise  la  in  terms  of  measuring  snbje^ve  respmise.  As  short  tekeoff  and 
landing  aircraft  become  operatlinial,  Improved  noise  scales  will  be  required  to 
account  for  effects  of  metroport  background  noise  and  to  Improve  the  present 
scales  for  ajqtUcation  to  the  widely  differmit  noise  signatures  of  these  aircraft, 
which  follow  from  different  operational  paths,  hi^er  installed  engine  power  and 
variety  of  noise  sonrcea  Much  additional  work  in  the  subjective  noise  area  must 
be  carried  out  to  provide  the  engine  designers  with  appropriate  “yardsticks"  to 
evaluate  their  designs  and  to  give  guidance  for  proper  land  use  jdanning  by  air¬ 
port  pn^trietors  and  mnnlcipalltlea. 

Mr.  Gabrt.  right.  We  have  been  producing  jet  engines  in  ^e 
General  Electric  Co.  since  1942,  and  we  nave,  in  sedition  to  our  mili- 
taiy  engines,  if  I  may  abridge  the  written  testimony,  also  produced 
commercial  engines  for  the  Convair  990  and  the  Convair  880  transports. 

And  it  was  with  these  engines  in  the  middle  and  late  1950’s  that 
we  begw  our  work  in  jet  engine  noise.  We  have  in  the  course  of 
developing  this  work  in  engine  noise  reduction,  put  in  place  through¬ 
out  the  country  a  large  number  of  facilities,  and  the  chart  that  is  on 
the  wall  uj)  there  shows  these  facilities  (fig.  1) . 

The  facilities  include  research  and  development  equipment. 

Mr.  Hechler.  We  can’t  see  the  chart  very  well.  It  is  one  of  these 
old  problems.  We  can  get  to  the  moon  very  easily,  but  can’t  project 
a  chart  clearly  onto  a  screen. 

Mr.  Gabrt.  We  have  a  chart  (fig.  2)  of  the  statement.  Beginning 
up  there  in  the  uroer  left-hand  corner;  this  is  a  basic  research  device 
we  have  at  our  Research  and  Development  Center  in  Schenectady 
which  is  involved  in  the  basic  understanding  of  the  noise  generation 
and  transmission  mechanisms. 

The  facility  in  the  upper  right  is  our  Far-Field  acoustic  test  facility 
in  Peebles,  Ohio,  where  we  actually  measure  noise  with  engines  stat¬ 
ically  mounted  in  the  facility.  The  picture  of  the  C-5  in  the  middle 
is  an  indication  of  some  of  the  flyover  noise  work  that  we  have  done 
at  a  number  of  airports. 

We  have  done  flyover  noise  tests  on  a  large  number  of  different 
kinds  of  aircraft,  with  the  intent  of  establishing  the  relative  noise 
level  of  diffeimb  aircraft,  the  effect  of  different  terrain  patterns  and 
what  have  you. 

We  also  do  work  in  acoustic  treatment  as  shown  in  the  lower  left- 
hand  side.  At  Edwards  Air  Force  Base  we  also  have  a  noise  test 
facility.  With  this  in  mind,  and  recognizing  the  work  we  have  done 
in  setting  up  to  do  noise  rMuction  work,  we  recognized  as  we  went 
into  the  era  of  the  new  jet  engines  for  the  DC-10  and  other  of  the 
so-^lled  trijets  and  jun^  jets  that  we  would  be  buildii^  engines 
which  had  sube^tiaiiy  higher  thrust  levels  and,  therefore,  it  uouiing 
was  done  the  noise  level  would  go  up. 
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So,  with  this  in  mind,  and  recognizing  this,  we  begw  work, 
actual  major  woik:,  on  reducing  the  noise  m  these  new  engines.  The 
new  en^es  inherently  have  somewhat  lower  noise.  The  earlier 
en^es  had  high  jet  noise,  and  as  we  increased  the  bypass  ratio,  that 
is  uie  amount  of  air  blown  by  the  fan  compared  to  the  basic  engine, 
we  began  to  develop  en^es  in  which  some  80  percent  of  the  thrust 
was  developed  in  we  »n  and  only  about  20  pwcent  in  the  main 
em^e  as  hM  been  in  earlier  jets. 

with  this  in  mind,  we  actually  developed  our  new  commercial 
jumbo  jet  engines  from  the  start  with  the  idea  of  reducing  the  noise 
level  guierated  by  these  engines^  even  through  they  were  twice  as 
large  as  the  present  day  engines  m  thrust.  The  object  was  to  make  a 
substantial  rrau<^ion  in  the  noise  level  of  the  eng^. 

Now,  to  do  this,  the  engines  were  substanti^y  redesigned  and  the 
inlets  and  exhaust  systems  were  treated  with  acoustic  noise  reduction 
material  (figs.  3  and  4).  This  chart  shows  the  various  kinds  of  design 
features  that  are  built  into  the  engines  which  will  go  into  service 
with  this  next  generation  of  aircraft. 

For  example,  to  reduce  the  pure  tones,  the  discrete  fan  whine  fre¬ 
quencies,  we  went  to  fewer  fan  blades  and  eliminated  the  inlet  guide 
vanes  wmeh  had  caused  wakes  to  go  into  the  fan  and  had  been  a  noise 
generating  mechanism. 

We  reduced  the  number  of  the  rotor  blades  and  increased  the 


number  of  outlet  guide  vanes.  In  other  words,  we  have  better  than 
a  2  to  1  ratio  of  mades  to  vanes;  this  had  been  shown  to  reduce  the 
perceived  noise  of  the  engine.  We  also  spaced  the  guide  vanes  away 
nrom  the  rotor,  and  then  we  put  in  acourtic  tr^ment. 

Aoourtic  treatment  is  very  much  like  oeUing  tile  in  principle,  in 
that  there  are  perforated  sheets  with  acourticalTy  dwign^  core  areas 
that  reduce  the  noise  of  the  engine.  So  this  is  a  brief  background,  I 
would  like  to  play  a  sound  tape  which  runs  about  4  minutes.  It  shows 
the— or  gives  you  audible  evidence  of  (he  work  that  has  been  done 
between  the  aircraft  that  are  in  service  today  and  the  aircraft  that 
will  enter  service,  such  as  the  DC-10. 


(Sound  tape  played.) 

Mr.  Gabrt.  Thanlf  you  very  much.  This  is  a  brief  background  of 
the  work  that  has  been  done  up  to  date  and  leads  into  the  discussion 
of  the  N^A  quiet  engine  prograin,  which  is  aimed  at  further  ro- 
ductions  in  noise  beyond  that  achieved  so  far  for  our  jumbo  jet 
aircraft. 

General  Electric’s  portion  of  the  NASA  experimental  quiet  engme 
program  is  a  fan  noise  reduction  research  program.  I  emphasize 
the  fan  noise  reduction.  It  is  a  twhnology  program,  not  a  power 
plant  development  per  se,  but  it  will  obviouny  have  significant  im¬ 
plications  for  further  tuibofan  powerplwits.  It  is  anticipated  tlmt 
this  program  will  produce  noise  redurtion  16  to  20  perceived  noise 
decib^  below  aircraft  currently  in  service. 

The  program  will  cover  a  timespan  of  38  months  and  be  completed 
by  the  fall  of  1972.  The  first  phase  of  the  program  is  the  design  phase, 
and  this  is  nearing  completion.  This  x^ase  is  on  schedule  for  com¬ 
pletion  this  month,  December  1960.  Phase  11  is  optional  and  involves 
ndirication  and  test 

Mr.  HjscHus.  I  don’t  understand  what  you  mean  by  optional. 
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Me.  Gaskt.  It  has  not  been  faUy  released  at  this  time.  In  other 
words,  NAISA  is  funding  the  program  in  phases,  phase  1  prc^ram, 
phase  program. 

ICr.  Hmuur.  What  is  theoption,  though  t 

Mr.  Gaiuit.  llie  option  is  to  ocHOtuiue  with  it,  pmding  acceptance  of 
the  demgns  for  fal»ication. 

Mr.  luKJHi^EB.  There  is  some  doubt,  th»i  t 

Mr.  Gabst.  No.  It  is  just,  I  mean,  the  object  was  to  be  sure  we  were 
on  schedule,  in  both  technical  and  financial  areas  and  then  continue  on. 

Mr.  Hbchub.  Yea 

Mr.  Garbt.  The  important  technical  objectives  of  this  program  are 
illustrated  in  this  slide  ^fig.  5) .  We  are  to  evaluate  both  low-sp^  high- 
loaded  fans,  the  speed  is  the  speed  of  the  blade  at  the  tip,  and  high- 
spe^  low-l<^ed  nns.  The  dbject  is  to  establish  the  relationship  of  fan 
<u»ign  featrues  on  noise  generation  and  then  to  test  these  fans  with 
both  acoustic  treatment  and  without  acouiMic  treatment,  with  the  goal 
of  relating  acoustic  theory  and  actual  test  data. 

Mr.  Hkhueb.  Tour  chart  says  ‘Tow-speed”  and  you  say  “high¬ 
speed.” 

^  Mr.  Gabby.  Well,  low  speed  is  one  group  of  fans,  and  this  has  the 
tips  moving  at  relatively  raw  speeds  but  there  are  actually  three  fans, 
'^o  fans  are  low  speed,  with  high  loading.  The  third  fan  is  a  very  high 
tip  speed,  and  it  has  low  aerodynamic  kamng  per  blade. 

Next  <Hra,  slide  please  (fig.  6) . 

The  obj<^  of  this:  scune  of  our  testing  has  shown  that  although 
thee  lower-speed  fans  nave  a  loww  broad-band  noia^  that  is  a  general 
lower  noise  level,  they  have  very  high  levels  of  discrete  frequencies 
and  therefore  create  more  human  annoyance,  and  our  tests  have  shown 
that  hu^r  speed  fans  have  a  little  bit  higher  base  line  noise  but  less  of 
these  discrete  frequencies  and  therefore  produce  less  annoying  noise. 

Now,  the  object  of  the  program  is  to  evaluate  these  two  types  of 
approaw,  to  see  where  the  proper  design  balance  lies  between  these  two 
levels  (fij^  7, 8,  and  9) .  Specifically,  we  are  to  design  three  fans  at  the 
outset,  all  of  which  have,  when  installed  on  a  CF-d  core  engine,  a  by¬ 
pass  ratio  of  five. 

The  thm  fons  have  no  inlet  guide  vanes  (fig.  10).  The^  have  the 
outlet  guide  vanes  spaced  two  chord  widths — that  is  the  width  of  the 
bli^e  back  downstream  fran  the  blade  itself,  and  they  have  outlet 
guide  vanes.  These  are  tlra  blades  that  direct  the  flow  from  the  fan  into 
ura  exhaust  nozzle  spacing  of  two  to  one,  which  is  twice  the  chord 
width  bade  of  the  fan. 

They  ^ve  reh^velv  low  discharm  velocities.  The  fan  discharge 
velocify  is  about  900  feet  per  second  and  the  core,  the  main  engine 
exhaust  nozzle,  has  a  velocity  of  1,275  feet  per  second.  As  I  said,  we 
Imve  designed  the  rig  so  they  can  be  tested  either  with  sound  suppres¬ 
sion  material  or  witlraut^  to  determine  how  much  of  the  reduction  is 
from  the  fan  desim  itself,  and  then  how  much  further  reduction  we 
can  get  with  sounosuppression  material  (fig.  11 ) . 

_  .  GomwATEB.  Bypass  ratio  of  five ;  why  do  you  use  that  significant 
ratio? 

Ifr.  Gabby.  Well,  that  is  typical  of  these  high  bypass  ratio  machines. 
They  range  in  the  five  to  six  and  a  half  regime,  and  we  use  this 


because  it  represents  a  fan  size  -which  could  have  potratial  application 
in  about  a  25,000-pound-thrust  engine,  and  we  are  using  our  CF-d  core 
en^ne. 

This  permits  us  to  use  an  existing  engine  for  testing  purposes  with 
the  fan  on  the  engine,  and  that  size  fan  with  that  engine  is  approxi¬ 
mately  five  and  tSai,  is  representative  of  the  kinds  of  engines  that  are 
forecast  for  the  future  aircraft. 

Mr.  Goldwater.  This  would  be  up  to  50,000-pound  thrust  engines? 

Mr.  Garry.  Yes,  it  could  be.  It  would  be— the  present  engines  range 
from,  I  guess  about  5^  to  6^,  so  this  is  representative,  and  results  in 
a  reasonable  cost  progr^  using  existing  equipment  to  the  mATimntn 
possible  extent.  It  permits  us  to  concentrate  on  the  noise  research  rather 
than  on  developing  new  engines  for  the  program. 

Mr.  Gouiwater.  Could  toat  fact  by  itself  involve  any  noise  factor? 

Mr.  Garry.  You  mean  the  engines? 

Mr.  Goldwater.  Just  the  ratio. 

Mr.  Garry.  Yes,  it  can,  but  we  can  treat  it  analytically  to  scale  it 
up  and  down  to  other  bypass  ratios. 

Specifically,  we  are  to  build  three  fans,  the  first,  two  of  the  fans, 
as  I  said,  are  low  tip  speed  fans.  They  are  about  73  inches  in  diameter 
and  they  are  driven  by  a  four-stage  turbine.  The  higher  tip  sp^  fan 
pit^uces  about  the  same  amount  oi  airflow  in  slightly  smaller  diameter 
which  would  be  advantageous,  assuming  the  noise  levels  are  com¬ 
parable,  in  that  it  would  reduce  the  size  of  the  nacelle  and  therefore 
the  drag  of  the  aircraft. 

It  could  also  be  powered  by  a  smaller  number  of  turbine  stages  which 
is  a  weight  advantage  and  at  a  comparable  weight  would  allow  us 
to  put  more  sound  suppression  material  in.  Of  the  fans  that  we  are 
building,  there  are  two  1,100- foot-per-second  fans  with  a  design  pres¬ 
sure  ratio  of  one  and  a  half.  One  of  the  fans  has  40  fan  blades,  rather 
narrow  blades,  with  a  tip  shroud  for  mechanical  purposes  (fig.  12). 

The  second  fan  has  26  blades.  You  know  that  the  ratio  of  the  vanes 
to  the  blades  is  somewhat  greater  t'  an  2.  And  the  third  fan,  the  high 
tip  speed  fan,  has  a  1,550-feet-per'Second  tip  speed,  a  slightly  higher 
pressure  ratio,  but  it  has  the  same  number  of  blades  and  vanes  as 
fan  B,  so  that  a  direct  comparison  can  be  made  between  the  two, 
between  the  low-speed  and  tne  high-speed  fan. 

This  gives — ^yes. 

Mr.  GoxJiwater.  On  No.  C  (see  fig.  9)  then,  the  size  of  your  fan 
is  smaller. 

Mr.  Garry.  Slightly  smaller  but  it  has  about  the  same  airflow  and 
would  produce  the  same  thrust. 

Nowj  in  addition  to  the  fan  mechanical  design,  there  are  aero¬ 
dynamic  features  to  be  tested.  We  are  also  going  to  be  testing  with 
different  amounts  of  acoustic  material.  This  is  the  sound  suppression 
material  in  various  locations  and  in  various  amounts  in  the  inlet  to 
the  fan  and  in  the  exhaust,  both  the  outside  shell  of  the  exhaust  system 
and  on  the  inside  shell  of  the  exhaust  ^stem. 

In  addition  to  these  three  fans,  we  will  test  some  other  ideas  in 
scale  model  for  further  reductions  in  noise.  First  we  will  build  the 
scale  model,  it  is  approximately  half  the  size  of  the  full-scale  fans,  and 
we  will  test  it  with  fundamentally  scale  models  of  the  B  and  C  fans. 

That  is  just  to  give  us  a  model  data  base  point,  and  then  we  will 
try  these  new  ideas  that  have  been  predicted  to  give  lower  noise,  ser- 
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rated  leading  edge  which  breaks  up  the  boundary  layer,  which  improves 
the  flow  over  the  blade  and  therefore  creates  less  disturbance  and  po¬ 
tentially  less  noise. 

Also  slotted  tip  blades  will  be  compared  to  the  regular  standard 
blade  shapes.  We  will  look  at  boundary  layer  bleed  control,  that  is 
sucking  air  off  the  tip  of  the  blade,  to  reduce  the  disturbance  at  the 
tip  of  the  blade. 

Now,  from  the  results  of  the  thrm  basic  fans,  and  from  the  results 
of  this  scale  model  test  data,  we  will  build  a  fourth  fan,  which  will 
incorporate  the  best  features  resultiim  from  the  three  full-scale  fans 
and  various  scale  model  tests.  We  wiU  build  that  in  a  full-scale  fan. 

As  I  said,  we  are  currently  in  the  design  phase  of  the  program. 
We  have  released  material  in  this  phase  for  the  manufacture  of  some 
of  these  i»rts.  We  are  right  now  releasi^  the  drawings.  At  this  time 
we  are  fini^ing  chec^g  the  drawings.  We  will  release  the  drawmgs 
for  the  various  parts  this  month,  so  that  they  can  be  fabricated  into 
final  shape.  The  program  is  essentially  on  schedule  at  this  minute, 
and  a  little  bit  ahead  in  some  instances. 

Now,  having  fabricated  the  fans  we  will  begin  testing  in  1970  the 
various  fans  and  models  that  we  have  built.  The  first  part  of  the 
test  involves  th  ^  General  Electric  full-scale  compressor  test  facility  in 
Lynn,  Mass.  (fig.  13).  This  is  a  facility  in  wnich  the  fans  will  be 
installed  anc’  tested  for  their  aerodynamic  performance.  That  is,  the 
airflow,  the  performance,  the  efficiency  of  the  fan,  its  aerod3rnamic 
suitability. 

We  will  also  test  it  with  distortion  and  other  factors  which  have  to  ^ 
considered  in  the  design  of  real  fans.  So  each  of  the  three  fans  will 
be  tested  in  this  facility  for  their  fundamental  aerodynamic 
thermodynamic  capability. 

The  fans  will  then  be  sent  to  NASA,  and  will  be  acoustically  test^ 
at  the  NASA  Acoustic  Test  Facility  at  Cleveland,  Ohio,  so  we  will 
first  be^n  by  doing  aerodynamic  tests  of  the  fans,  then  send  the  fans 
to  NASA  for  acoustic  tests. 

The  scale  model  fans  (fig.  14),  approximately  half  scales  with  these 
various  serrated  edges  and  what  have  you,  will  te  tested  in  this  scale 
model  test  rig  at  General  Electric’s  Peebles,  Ohio,  test  facility.  This 
is  a  scale  model  rig  in  which  the  fan  alone,  as  a  wmponent,  is  tested, 
driven  by  a  sound-enshrouded  gas  turbine  engine,  so  that  we  can 
measure  the  actual  sound  generated  by  these  scale  models. 

Having  completed  the  acoustic  test  or  the  fan  by  itself,  at  the  NASA 
laboratory,  NASA  will  send  the  fans  back  to  General  Electric,  and  we 
will  install  these  fans  on  a  full-scale  core  CF-6  engine  (fig.  15) . 

Now,  here  we  begin  to  take  the  fan  and  include  it  into  the  total 
engine.  We  will  have  the  four-stage  turbine  driving  the  low-speed 
fan,  the  two-stage  turbine  driving  the  high  tip  speed  fan. 

We  will  have  representative  aircraft  mlet^  both  thick  lip  and 
thin  lip,  as  has  been  projected  by  the  various  airplane  manufacturers. 
We  in^ll  this  engine  in  our  facility  at  the  approximate  height  that 
such  engine  would  be  on  the  wiim  of  the  airplane,  and  then  we  measure 
the  noise  generated  by  this  full  aircraft  type  system  at  our  acoustic 
test  site. 

We  run  the  engine  and,  therefore,  we  now  have  a  complete  knowl¬ 
edge  of  the  noise  level  of  this  fan-ty^  engine  in  its  entirety,  the  inlet. 
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the  fan,  and  the  turbine  and  all  of  the  features.  We  will  test  the 
three  fans,  the  two  low-speed  and  one  high  tip  spe^  fan  on  this  rig. 

That  is  the  conclusion  of  my  statement  on  the  quiet  engine  progn^. 
We  will,  in  addition  to  this,  as  I  mentioned,  build  a  fourth  fan  which 
includes  the  best  features  that  are  forthcoming  from  these  three  fans. 
We  will  test  that  fan  in  the  aerodynamic  test  ^ility  and  then  build  it 
up  on  the  engine  and  deliver  it  to  NASA  for  future  tests. 

This  is  the  presently  described  scope  of  the  program.  And,  with 
your  permission,  I  thought  I  would  talk  briefly  about  two  other  rmated 
fan  noise  programs  that  we  have  under  Government  sponsorship,  l^e 
first  of  these  is  a  program  sponsored  by  the  FAA,  which  is  a  fan  noise 
prediction  program.  In  this  particular  program,  we  are  asked  to  gener¬ 
ate  mathematical  models  of  various  fan  systems,  and  then  predict — 
establidi  a  mathematical  computer  program  which  predictSr-^e  noise 
that  would  be  generated  by  such  a  piece  of  equipment  and  then  com¬ 
pare  the  mathematical  prediction  with  the  actual  results  obtained  on 
a  number  of  engines,  to  which  the  program  has  been  applied. 

This  particular  slide  (fig.  16)  ^ows  our  engine,  wmeh  is  the  engine 
in  the  Convair  990  airplane.  We  will  also  compare  the  prelected  noii» 
with  the  actual  noise  measured  on  a  TP-39j  the  C-5A  engine,  a  busi¬ 
ness  jet  engine,  our  CF-6,  and  in  several  versions. 

This  happens  to  be  the  TF-39  scale  model  engine,  so  we  will  get 
scaling  data  on  engines  essentially  the  same  in  different  sizes,  and  with 
different  types  of  fan  configurations.  From  these  data  that  we  gener¬ 
ate  in  these  tests,  we  will  be  able  to  further  improve  the  mathemati(uil 
model  and,  therefore,  give  the  design  engineers  a  better  tool  with  wluch 
to  predict  the  noise  that  would  be  generated  by  such  machinery  during 
the  design  process,  get  a  better  mathematical  or  analytical  understand¬ 
ing  to  reduce  the  trial  and  error  in  the  development  of  future  engine. 
We  are  about  two-thirds  of  the  way  along  into  the  program  which  will 
finish  up  in  July  of  next  year. 

This  slide  (fig.  17)  mows  the  first  correlation  effort.  The  dotted 
line  shows  the  prediction  that  we  made,  using  our  first  mathematical 
model  of  the  noise  that  would  be  generated  by  the  TF-39  scale  model 
engine  versus  the  speed  or  the  power  output  of  the  engine.  Thait  is 
the  dotted  line.  The  red  d<^  show  the  spread  of  data  actually  ob¬ 
tained  for  this  engine,  which  says  that  we  have  been  able,  with 
this  first  cut  at  a  mathematical  pr^iction,  to  indicate  the  noise  level 
generated  by  the  fan  within  about  a  5  db  spread.  Now,  what  we  are 
trying  to  do  is  improve  the  accuracy  of  ttot  prediction,  and  get  a 
better  model ;  we  bMeve  as  we  improve  the  model,  compare  it  to  data, 
we  wiU  get  a  better  understandmg  of  all  the  parameters  involved. 
We  are  making  significant  progress  here. 

We  have  one  omer  program,  Govenunent-sponsored,  by  NASA,  and 
this  is  the  prediction  of  noise  in  a  lift  fan  which  is  one  type  of  vertical 
takeoff,  or  short  vehicle. 

Figure  18  is  a  cross-sectional  view  of  a  tip  turbine  driven  lift  fan, 
which  is  a  liftii^  device.  It  has  a  turbine  out  on  the  tips  of  the  high 
flow  fan  blade.  What  we  have  been  doing  here  is  testing  this  type  of 
device  and  then  varying  the  design  characteristics  of  it  to  establish 
the  effect  of  these  changes  in  design  on  the  noise  generated. 

For  example,  the  spacing  between  the  blades  and  the  outlet  guide 
vanes  was  increased  (as  shown  in  this  view,  about  0.25)  to  a  ractor 
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slightly  greater  than  2 — ^nezt  slide,  please — this  shows  how  we  do  this. 

We  mount  the  fan  to  be  measure  vertically  and  then  measure  at 
a  250-foot  radius  the  noise  generated  by  the  ran  with  different  con- 
figur^ons  (fi^.  19). 

This  slide  (hg.  20)  shows  the  full  fan  mounted  up  at  Edwards  Air 
Force  Base.  It  has  an  enmne  with  acoustically  treated  inlet  to  reduce 
the  noise  of  the  engine  driving  the  fan,  and  then  we  measure  with 
microphones  the  actual  perceived  noise  ^nerated  by  the  fan. 

We  have  made  one  te^  so  far  in  whi(m  we  have  increased  the  cord 
spacing  from  0.25  to  2,  and  as  you  can  see  here,  we  have  obtained 
about  a  7  PNdB  reduction  in  noise  (fig.  21 ) .  We  have  nine  tests  be¬ 
ginning  in  December  (NASA-sponsored)  (fig.  22)  with  variations 
in  the  geometiw  and  acoustic  treatment  in  this  fan. 

I  won’t  botner  to  go  through  each  one  of  them  but  essentially  it 
involves  changing  the  blade,  the  vane  ratios  and  doing  other  things 
which  we  have  done  with  our  conventional  engines  in  an  effort  to  re¬ 
duce  the  noise.  We  believe  that  this  will  produce  about  a  14  PNdB 
reductitm  in  noise  which  would  bring  us  down  to  about  110  PNdB,  and 
then  further  changes  in  blade  numbers,  and  further  acoustic  treat¬ 
ment  would  further  reduce  the  noise. 

In  addition  to  these  basic  engine  development  kinds  of  tests  and  re¬ 
search  kinds  of  tests,  we  have  been  working  in  our  research  and  de¬ 
velopment  laboratory  trying  to  improve  our  ability  to  relate  measured 
noise,  as  we  measure  it  by  instruments,  to  human  reaction  to  the  noise. 
We  do  this  by  putting  witnesses  in  a  soundproof  room  and  then  play¬ 
ing  various  noise  spectrums,  different  frequency  levels,  different  in¬ 
tensities,  different  durations  to  these  various  witnesses  and  then  try  to 
relate  their  response  to  the  measurements  that  we  would  make  for 
these  kinds  of  noise. 

And,  as  you  can  see  here  (fig.  23),  beginning  with  a  fairly  poor  cor¬ 
relation  at  the  top  we  have  begun  to  gradually  improve  the  prediction 
from  the  predicts  respcmse  to  the  actual  response  into  a  range  of  some¬ 
what  less  than  5  PNdB.  So,  we  are  making  attacks  on  this  noise  problem 
on  all  fronts,  both  in  terms  of  better  understanding  of  human  response, 
better  understanding  of  the  basic  noise-generating  mechanisms,  and 
in  understanding  how  the  design  parameters  affect  noise. 

Mr.  GromwA'mi.  I  wonder  if  you  could  be  more  precise  in  this.  Is 
this  program  telling  you  what  the  human  will  tolerate  ?  Or  what,  in 
effect,  he  considers  uncomfortable  I 

Mr.  Gabrt.  What  he  considers  uncomfortable  and  how  to  relate, 
how  to  get — what  are  the  things  that  annoy  people,  and  how  to  measure, 
how  to  quantify  those  annoyances,  and  then  relate  them  more  preci»ly 
to  the  way  we  measure.  We  measure  with  microphones,  and  they  ju^ 
give  us  a  pure  scientific  number. 

What  we  are  trying  to  do  is  to  see  how  these  different  frequencies, 
for  example  a  particular  frequency,  how  does  that  annoy  people,  so 
that  when  we  put  together  a  noise  spectrum,  we  can  create  a  less  annoy¬ 
ing  spectrum.  And  then  we  are  trying  to  find  out  how  the  characteris¬ 
tic  of  that  noise  spectrum  does  bother  people,  and  then  get  a  correla- 
tion. 

Mr.  Goidwatw.  Does  he  tell  you  it  is  annoying  him  ? 

Ifr.  Garrt.  Yes,  that  is  right.  In  other  words,  from  his  response 
and  the  input  as  to  what  annoyed  him,  what  annoyed  him  most,  we  can 
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establish  which  frequencies,  what  duration  of  that  frequency,  and 
what  have  you,  relates  to  human  annoyance,  and  then,  as  we  design 
engines,  we  now  begin  to  design  such  that  those  frequencies  are  either 
not  mnerated  or  are  suppressed. 

1S&.  GoLDWATfa,  You  take  a  sample,  I  assume. 

Mr.  Gabby.  Yes;  a  very  large  sample,  because  human  response  to 
noise  varies  over  quite  a  broad  band. 

Mr.  HscHiiEK.  I  would  think  you  would  get  a  tremendous  variance. 

Mr.  Gabby.  That  is  exactly  rignt. 

Mr.  Hechleb.  If  you  had  your  people,  say,  the  stolid  stable  man 
who  had  served  in  the  Air  Force  during  the  war  and  was  always  proud 
of  those  planes,  if  he  listens  to  noise  he  doesn’t  hear  very  much.  But 
the  nervous  housewife  who  maybe  has  been  subjected  to  some  tensions 
of  various  types,  or  a  man  who  has  a  very  acute  sense  of  hearing - 

Mr.  Gabby.  Well,  in  selecting  witnesses  we  try  to  get  the  broadest 
possible  type,  number  of  types,  so  that  we  relate  this  to  many,  many 
people.  It  is  quite  a  difficult  thing  and  it  takes  a  lot  of  witnesses,  a  lot 
of  work  and  it  just  is  a  work  we  are  doing.  NASA,  as  you  know,  has 
requested  facilities  for  similar  kinds  of  testing,  and  this  is  a  field 
which  I  think  needs  a  lot  more  activity,  particularly  as  we  start  to 
try  to  relate  duration  as  well  as  tones  and  intensity. 

This  puts  another  dimension  on  the  problem  of  measuring  human 
annoyance.  As  you  know,  on  the  C-5A,  the  level  is  high — as  we  meas¬ 
ure  it  with  instruments  the  noise  level  is  essentially  the  same  as  exist¬ 
ing  aircraft — the  apparent  reaction  of  people  to  it  is  that  it  is  quieter, 
primarily  because  the  noise  intensity  peak  is  of  shorter  duration. 
It  is  a  very  involved  psychoacoustic  phenomenon  we  are  dealing  with, 
and  as  you  say  people  vary  so  we  try  to  get  the  broadest  possible 
sample,  to  get  us  the  best  possible  information  on  the  types  of  things 
which  cause  the  greatest  average  annoyance. 

Mr.  Gk>LDWATEB.  In  your  testing,  did  you  find  that  the  human  is 
more  tolerant  perhaps  than  what  has  been  assumed  by  alarmed  cit¬ 
izens? 

Mr.  Gabby.  I  really — I  am  really  not  that  much  of  an  authority  on 
psychoacoustics.  I  think  we  are  finding  that  some  of  the  noise  levels, 
which  we  measure,  are  less  annoying  to  people  than  we  would  have 
thought,  but  that  even  some  lower  noise  levels  are  more  annoying, 
depending  upon  the  particular  frequency  of  the  noise  generated. 

Mr.  Goldwateb.  Not  to  diminish  its  importance,  but  oftentimes 
someone  attracts  attention  to  a  problem  that  wasn’t  really  a  problem 
until  someone  mentioned  it.  One  might  not  have  big  feet  until  some¬ 
one  mentioned  it  and  then  it  becomes  a  dynamic  problem. 

Mr.  Gabby.  We  find  a  relationship  between  the  number  of  reports 
of  noise  annoyance  and  the  time  of  day,  dark  and  light,  whether  or 
not  someone  expected  the  noise.  A  person  who  looks  up  and  sees  the 
airplane  is  less  annoyed  by  it  than  somebody  that  finds  something 
flying  overhead  when  he  wasn’t  expecting  it. 

It  is  a  very  complex  phenomenon.  But  we  are  trying  to  get  better 
understanding,  for  only  through  understanding  of  it  can  we  relate 
what  we  do  to  the  reaction  of  people.  And  this  is  a  complex  field  and 
many  people  are  working  on  it. 

Mr.  Goldwateb.  You  are  trying  to  establish  a  standard  by  which 
to  judge  your  work  ? 
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Mr.  Gabrt.  That  is  right.  We  have  to  design  to  some  standard  which 
is  measurable  in  a  quantitative  sense  and  then  try  to  relate  that  to 
human  reaction.  It  is  quite  a  difficult  thing,  but  much  work  is  going 
on,  by  ourselves  and  other  manufacturers  and  NASA,  and  private 
consulting  firms. 

I  would  like  to  end  up  here  with  some  basic  thoughts  on  additional 
R.  &  D.  that  might  be  needed.  We  believe  that  a  better  understanding 
is  needed  of  the  oasic  noise  generating  mechanisms  within  the  engine. 
We  have  a  rudimentary  understanding,  but  we  have  to  do  more  worl: 
in  this  field  to  get  a  more  precise  understanding,  so  that  we  can  re¬ 
late  it  to  design  parameters. 

The  work  we  are  doing  for  the  FAA  in  predicting  techniques  is 
work  in  that  direction,  but  we  are  doing  some  work  (and  others  are 
doing  similar  work)  in  understanding  the  basic  disturbances  in  flow 
which  create  noise.  It  is  a  difficult  thing  to  do. 

The  noise  of  an  engine  in  today’s  aircraft,  for  example,  the  engines 
in  service,  or  the  TF-39,  for  example,  the  total  noise  energy  is  some¬ 
thing  on  the  order  of  31,000  watts,  and  that  engine  is  cap^le  of  pro¬ 
ducing  an  energy  level  of  about  25,000  kilowatts. 

The  CF-*>  is  about  5,000  watts.  So  we  are  talking  about  5,000  watts 
in  the  25,000  kiljwatt  energy  field,  so  we  are  talking  about  %ooo? 
roughly,  of  the  total  energy  developed,  so  we  are  looking  for  the  pro¬ 
verbial  needle  in  the  haystack.  But  we  do  need  more  research  in  the 
noise  generating  mechanisms. 

As  we  quiet  fans,  for  example,  we  find  noises  generated  in  the  ma¬ 
chinery  booming  predominant;  in  the  TF-39  the  fan  noise  was  pre¬ 
dominant.  As  we  reduce  the  fan  noise  then  we  begin  to  reach  new 
thresholds  of  noise  that  have  to  be  suppressed,  the  noise  genera^  in 
the  machinery  itself,  the  noise  generated  in  the  jetstream.  The  original 
engines  had  high  velocity  jetstreams  and  suppression  of  that  jet 
noise  was  somewhat  more  readily  accomplished  than  today.  As  the 
noise  goes  down  in  the  jetstream  we  are  working  with  smaller  amounts 
of  energy  and  we  need  more  knowledge  of  the  specifics  of  the  noise- 
generating  mechanism,  and  new  ideas  on  how  to  suppress  it. 

We  need  more  work  in  acoustic  treatment.  A  lot  of  work  has  been 
done  in  this  area.  But  as  we  improve  fan  noise,  my  view  is  we  will  find 
ourselves  needing  acoustic  treatment  not  only  in  the  colder  areas  of 
the  engine  but  in  the  hot  areas  which  means  new  materials  must  be 
developed. 

And  again,  as  I  mentioned  before  and  discussed  the  better  under¬ 
standing,  more  thorough  understanding  of  the  psvchoacoustics  of  this 
noise,  how  do  people  react  to  different  noises.  This  is  a  field  which 
will  require  greater  and  greater  attention. 

After  we  reduce  the  noise  as  we  have  for  this  next  generation  of 
aircraft,  then  the  problem,  then  we  are  working  with  a  smaller  piece 
of  the  problem  and  more  work  is  needed  for  better  understanding. 

Thank  you,  sir. 

Mr.  BD^hler.  Thank  you,  Mr.  Garry.  In  looking  at  this  from  the 
contractor’s  side,  what  could  or  should  NASA  be  doing  in  order  to 
place  more  emphasis  on  this  area  ? 

Mr.  Garry.  I  know  NASA  is  doing  work  m  the  basic  generating 
mechanisms.  How  are  disturbances  generated  by  airfoils,  for  example. 
I  believe  that  this  work  can  be  extended  and  must  be,  as  we  learn 
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new  things.  Eight  at  the  minute,  the  quiet  engine  program,  and  the 
fans  that  are  bemg  developed,  I  ^  sure  will  generate  new  ideas. 

As  we  tost  these  things,  new  ideas  will  grow  out  of  this  work,  and 
thew  have  to  be  looked  at  very  carefully  and  then  further  expanded. 
It  is  hard  to  predict  precisely  what  should  be  done  but  certainly  in 
the  general  sense  of  noise-generating  mechanisms,  of  the  interreacti<m 
of  aerodynamic  performance  and  noise  generation,  more  work  has 
to  be  done,  more  work  in  generating  more  precise  matheihatical  and 
analytical  imderstwding  of  flow  disturbances  and  how  to  treat  them. 

In  the  let  field  in  particular  I  believe  we  need  to  do  more  work. 
We  have  oeen  concentrating  on  the  fan  noise  problem,  and  I  believe 
as  we  begin  to  get  a  better  and  better  handle  on  that  then  we  will 
need  more  work  m  the  jet  field. 

Mr.  Hechleb.  Several  witnesses  have  rather  perceptively  observed, 
I  think,  that  this  was  not  considered  to  be  a  promem  several  years  ago. 
I  think  it  is  a  little  bit  deeper,  as  Mr.  Goldwater  mentioned,  than  just 
some  people  saying  that  there  is  a  problem  there  before  we  decide  jt 
was  a  problem. 

In  our  society  the  economic  incentives  are  all  against  the  person 
who  is  on  the  receiving  end  of  air  pollution  or  water  pollution  or  noise. 
What  TOts  you  started  on  something  like  this?  Is  it  simply  the  dan¬ 
gling  of  a  noise  contract  by  NASA  t 

Mr.  Oabrt.  No.  We  have  been  working  with  increasing  emphasis. 
As  I  said,  when  we  tegan  our  CF-fl  engine,  as  we  began  to  build  bigger 
engines,  we  recognized  that  the  public  just  wouldn’t  accept  higher 
noise  levels  as  engines  become  bigger,  they  just — I  mean,  they  nad 
reached  a  threshold  of  noise  and  we  had  to  not  only  at  least  mert  that 
standard  with  the  newer  larger  engines  but  we  had  to  make  substan¬ 
tial  improvement  if  we  were  to  have  a  salable  product,  if  we  were  to 
meet  our  responsibility  to  the  public. 

And  we  have  actually  increased  our  effort  in  this  area  by  something 
like  20  times  in  the  past  5  years.  Now,  one  of  the  problems  is  when 
you  begin  with  a  field  in  which  there  isn’t  a  great  amount  of  technology, 
you  can  only  expand  that  technology  at  a  rate  consistent  with  human 
imagination  and  intelligence. 

So  this  is  what  we  have  been  trying  to  do.  We  have  been  increasing 
the  effort.  Noise  is  one  factor  in  the  new  engine  design,  smoke  has 
been  another  one.  We  have  addressed  it,  we  nave  recognized  it  as  a 
public  problem,  and  we  have  eliminated  the  smoke  trails  in  our  future 
engines. 

So  both  noise  and  smoke  were  considered  by  the  engine  manufac¬ 
turers,  by  the  airlines,  as  major  areas  in  which  work  had  to  Iw  done 
to  maintain  public  acceptability.  And  this  was  a  very  definite  stimulus, 
as  well  as  NASA’s  stimulus  and  other  governmental  agencies,  the  FAA 
and  the  airlines. 

Mr.  Hechler.  What  about  the  foreign  airplanes  that  are  used  by 
airlines?  Would  you  be  able  to  apply  the  results  of  your  work  to  this? 

Mr.  Garry.  Well,  Rolls-Koyce  in  particular  has  had  a  very  active 
noise  reduction  program  for  many  years.  Many  of  the  original  ideas 
in  the  jet-noise  suppression  were  generated  in  Great  Britain,  and  our 
competitive  intelligence  indicates  that  the  Rolls-Royce  engines  which 
ydll  go  into  the  Loc^eed  aircraft  have  been  similarly  treated  and  sim¬ 
ilarly  handled  to  maintain  a  similar  kind  of  a  noise  level. 


Mr.  HEcm.ER.  To  me  the  most  disturbing  engine  is  on  the  Japanese 
plane  that  is  used  by  Piedmont  Airlines. 

Mr.  Gakrt.  Oh,  yes.  Well,  this  is  an  example  of  how  a  very  sharp- 

E itched  frequency,  although  the  absolute  level  of  noise  may  not  be 
eyond  a  certain  threshold,  a  particular  discrete  frequency  can  be 
very,  very  annoyiim. 

Mr.  Hechler.  Goldwater. 

Mr.  CknnwATER.  I  would  like  to  ask  you  a  question.  Perhaps  this  is 
not  an  area  in  which  you  are  involved  but  one  reason,  other  than  per¬ 
haps  a  status  symbol,  that  I  enjoy  driving  in  a  large  automobife  is 
bemuse  I  can  roll  up  tne  windows  and  cut  out  the  noise. 

Mr.  Garrt.  Yes. 

Mr.  GoinwATER.  Of  trucks  and  buses  and  what  have  you.  In  this 
world  we  live  in,  we  have  an  environment  full  of  noise.  Of  course  the  jet 
engines  are  only  a  very  small  part  of  it.  Has  your  company  at  all 
tried  to,  or  thought  about  using  the  technology  that  they  are  develop¬ 
ing  to  suppress  engines  noise,  in  your  testing  and  evaluation  of  the 
tolerance  of  the  human  being,  to  contribute  to  the  overall  environment 
of  our  lives  in  general?  Machinery,  bus^  working  conditions,  office 

conditions  1  Maybe  that  is  completely  f orei^ - 

Mr.  Garrt.  I  can’t  give  you  a  specific  example,  but  our  research 
and  development  laboratory  at  Schenectady  is  a  focal  point  for  tech¬ 
nology  within  the  General  Electric  Co.  The  folks  up  there  are  very 
much  aware  of  what  we  are  doing,  they  are  doing  a  lot  of  work  for 
us,  particularly  in  the  realm  of  basic  research  in  the  mathematics  and 
the  fundamentid  physical  nature  of  noise  generation,  and  this  subjec¬ 
tive  noise  work  is  alk»  being  done  up  there,  in  fact  by  a  man  who  is  an 
authority  on  radio  noise,  tone  quality,  and  what  have  you,  so  some  of 
the  work  is  undoubtedly  moving  into  other  elements  of  the  company. 

Mr.  GomwATER.  Is  this  under  the  general  contract  that  you  have 
with  NASA? 


Mr.  Garrt.  No,  it  is  not.  It  is  a  natural  spillover  since  the  people 
who  are  involved  working  with  us  on  this  are  in  direct  contact  with 
other  portions  of  the  General  Electric  Co. 

Mr.  Goldwater.  From  a  profit  standpoint  this  might  be  a  lucrative 
field  of  endeavor.  I  don’t  have  too  many  other  questions.  I  just  won¬ 
dered,  are  there  noise  characteristics  that  are  inherent  in  certain  types 
of  material;  for  instance,  I  think  you  used  some  sort  of  titanium; 
don’t  you? 

Mr.  Garrt.  Yes. 

Mr.  Goldwater.  Is  there  any  noise  inherent  in  that  material  itself  ? 

Mr.  Garrt.  Well,  we  don’t  really  have  any  good  quantitative  cor¬ 
relating  data.  However,  the  fan,  one  of  the  fans  that  I  mentioned  up 
ther&  file  fan  B,  which  has  wide  blades,  one  of  the  Objectives  of  mak¬ 
ing  the  blades  that  wide  was  the  possibility  of  using  epoxy-graphite 
composite  material.  This  fan  would  be  directly  amenable  to  manufac¬ 
turing  of  epoxy-graphite  and  this  would  be  a  nonmetallic.  We  would 
like,  mmetime,  to  try  such  a  nonmetallic  in  the  hope  that  maybe  it 
produces  lower  noise. 

Mr.  Goldwater.  I  think  there  is  so  much  research  being  done  in  this 
ri  At  now ;  isn’t  there  ? 

Mr.  Garrt.  Yes ;  there  is. 

Mr.  Goldwater.  Is  it  being  done  over  in  England  ? 
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Mr.  Garbt.  The  British  have  done  very  much  work  in  the  field  of 
c^posites.  We  are  also  buildi^  blades  of  c(»nposite  material  and 
aircraft  structures  are  being  buiR  of  composites.  So  this  probably  is 
a  major  new  industry  in  the  next  few  years. 

Mr.  Goldwater.  As  I  understand  it,  as  far  as  the  jetstream  is  con¬ 
cerned  there  is  not  too  much  you  can  really  do  about  that.  Is  that 
what you  found? 

Mr.  Gabby.  Well,  we  have  reduced  it  to  the  point  where  it  is  not — 
it  d^  not  establish  the  maximum  noise  annoyance  level.  We  are 
moving  down  to  the  point  as  we  reduce  fan  noise,  where  it  may  very 
well  become  the  noise — a  new  threshold  of  noise,  and  we  are  working  in 
this  field  very  extensively  now. 

Mr.  Hechleb.  I  donx  (juite  understand  what  you  last  said,  when 
you  said  you  are  working  in  this  field.  Does  that  mean  you  are  simply 
trying  to  establish  where  the  sound  comes  from  or  are  you  trying  to  do 
something  about  it  ? 

Mr.  Gamy.  We  are  doing  Irath.  We  are  doing  basic  work  in  trying  to 
establish  just  how  the  noise  is  ^nerated  by  jet  fields,  and  we  are  also 
working  on  a  wide  variety  of  i(mas  on  suppressors  which  would  reduce 
that  noise. 

Mr.  Hechlxr.  You  are  convinced,  though,  that  that  is  not  the  real 
source? 

Mr.  Garry.  Not  at  this  minute  with  turbofan  engines,  but  it  could 
be,  let’s  say,  as  a  result  of  making  further  reductions  in  fan  noise. 

Mr.  Hechxeb.  In  other  words,  that  other  noise  will  come  to  the 
surface? 

Mr.  Gabby.  That  is  right.  The  one  thing  we  find  is  that  the  more 
we  do,  the  more  we  reduce  one  source  of  noise  to  a  minimum,  we  find 
that  it  was  perhaps  blanketing  another  source,  then  we  have  to  attack 
that  source,  and  so  on.  So  it  is  a  never-ending  quest. 

Mr.  Hbchler.  You  can’t  win. 


Excuse  me,  Mr.  Goldwater. 

Mr.  GomwATER.  Are  you  finding  also  that  in  reducing  noise  in 
certain  areas,  you  are  having  to  pay  a  big  price  to  do  this  as  far  as — 

the  ratio  of  power  outputs,  say,  or  weight  or - 

Mr,  G;arry.  Well,  aerodynamic  performance  has  been  penalized  lees 
than  weight.  As  we  space  the  fan  away  from  the  outlet  guide  vanee, 
the  engine  length  becomes  longer.  Length  is  weight.  As  we  put  acoustic 
su^ression  material  in,  this  is  weight. 

^e  advantage,  as  I  mentioned,  of  a  higher  tip  speed  fan,  if  the  noise 
i.s  commrable,  would  be  that  it  would  compensate  to  some  degree  for 
the  added  weight  of  the  length,  because  it  is  a  smaller  diameter,  and 
so  forth. 


So  the  object  here  is  not  only  to  try  to  reduce  noise,  but  to  also  try 
to  maintain  an  economically  viable  system.  We  can’t  penalize  aero¬ 
dynamic  performance  to  the  point  where  the  aircraft  becomes  not 
fiightwortny  or  can’t  make  its  intended  range. 

Mr,  Goldwatm.  One  last  question..  Is  there  one  particular  area  th^ 
creates  more  noise  than  any  other  area  ?  I  mean,  at  least  right  now,  is 
it  in  your  studies? 

Mr.  Garry.  In  the  turboj^,  correction,  the  turbofan  aircraft,  such 
as  the  air  bus,  certainly  the  fan  is  the  major  source  of  annoyance. 

Mr.  Gopdwater.  More  so  than  the  exhaust? 
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Mr.  Gaist.  Yea  That  is  why  the  TF-39  sounds  less  noisi;^,  although 
tiie  absolute  noise  level  is  rou^y  omparable  to  today’s  aircraft.  As 
the  pli^  flies  by  you  hear  the  fan  noise,  then  a  sharp  droj^  as  you  go 
out  of  the  field  of  the  fan  noise  and  into  tne  jet  noise,  which  is  very  low. 

Mr.  G<XjDWA'naL  Thank  you  ve^  much. 

Mr.  Hbchubb.  Thank  you,  Mr.  Goldwater.  Can  you  give  us  an  assess¬ 
ment,  at  least  of  V/STOL  engines  and  what,  our  progress  has  been  in 
that  area? 

Mr.  Gabby.  Well,  I  can  only  talk  from  my  own  experience.  We  build 
two  tvpw  of  V/STOL  engines,  bwically  turbo — won’t  say  that.  We 
have  omit  these  tip  turbine  fan,  lift  fan  V/STOL-tym  aircraft  which 
I  showed,  and  we  are  working  in  the  noise  reduction  field  in  that. 

Helicopters  are  another  type  of  VTOL  aircraft;  we  build  turboshaft 


engines  for  these.  In  the  case  of  helicopters  we  have  turboshaft  engines 
with  a  power  turbine  at  verv  low  exWust  velocities,  very  low  noise, 
and  you  can  suppress  the  inlet  noise  by  inlet  duct  treatment  on  such 
aircraft. 

We  have  had  less  experience  with  other  kinds  of  VTOL  aircraft, 
direct  jet  lift,  which  are  quite  noisy,  and  tilt-wing  aircraft  which  are 
turboprop  and  a  fairly  low-noise  aircraft. 

Just  o^and,  I  would  say  that  we  can  reduce  the  noise  level  of  the 
engines,  or  turlmprop,  V/STOL,  and  turbo-tip  fan  or  lift  fan  kinds  of 
aircraft.  In  the  case  of  blown-flap  aircraft,  which  is  a  deflected  jet  air¬ 
craft,  I  believe  the  same  noise  reduction  techniques  that  are  being 
applied  to  the  air  bus  engines  are  applicable  in  this  field. 

Mr.  Hechueb.  In  this  whole  argument  as  to  which  type  of  V/STOL 
or  STOL  we  ought  to  go  ahead  with,  I  wondered  whether  the  noise 
factor  played  an  important  part  and  ^rhaps  additional  work  by  yon 
might  be  able  to  remove  one  of  the  inhibiting  factors  in  the  fmwer 
development  toward  a  prototype. 

Mr.  Garry.  Certainly  the  emphasis,  the  major  emphasis  today,  has 
been  on  the  more  conventional  aircraft.  There  is  an  increasing  em¬ 
phasis  being  placed  by  NASA  and  by  the  airlines  and  by  the  airplane 
industry  in  noise  reduction  for  V/STOL  types. 

Mr.  Hechlxr.  Should  there  be  more  by  NASA  ? 

Mr.  Garry.  I  would  think  that  an  increasing  effort  here  would 
be  very  worth  while. 

Mr.  Hech!.!^  Mr.  Garry,  this  is  most  interesting.  We  have  a  number 
of  other  questions  we  would  like  to  sul  lit  to  you  in  writing  because 
we  have  another  very  important  witness  this  morning.  We  thank  you 
for  appearing  before  the  committee  this  morning. 

I  appreciate  very  much  your  coming,  and  you  will  be  receiving  sev¬ 
eral  other  questions  from  us  to  complete  the  hearing.  Meanwhile  if  you 
have  any  rurther  data  along  the  lines  of  the  discussion,  or  questions 
that  we  asked  this  morning,  that  you  care  to  submit  for  the  record,  we 
will  include  it  in  the  record. 


Thank  you  very  much,  sir. 

Mr.  Garry.  Humk  you,  Mr.  Chairman. 
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(The  information  referred  to  foUows :) 

Rbbfonbe  bt  Ftan  W.  Oabbt,  Vice  Pbebisent  abd  Oerebai.  Marageb,  Atbcbaft 

EROIRB  TEOHRICAI.  DiVIBIOR,  OBRBBAI,  ElXOTBIO  OO.,  to  QUBBTIORB  or  THE 

SUBCOHMITTEE  OR  ADVAROED  ReBEABCH  ARD  TECHHOLOOT 

1.  QuettUm.  (•)  From  your  work  »o  far,  ioet  the  noite  reduetUm  goal*  of  IS 
to  SO  PNdB  appear  to  be  attainable  without  significant  loss  of  efficienoy  or  on 
added  oost  burden  to  the  usert 

(6)  What  t«  your  time  forecast  and  cost  estimate  as  to  when  these  features 
con  be  incorporated  into  new  aircraft  engine  productiont 

(c)  Do  the  noise  reduction  figures  include  the  jet  noise  output  or  only  the  fan 
and  compressor  noiset 

(d)  Since  fan  and  compressor  noises  only  alleviate  the  situation  on  approach 
do  you  feel  that  the  reduction  will  be  worthwhile  for  a  major  usert 

Answers,  (a)  Baaed  upon  tlie  reBults  of  research  and  development  worii  dime 
to  date  related  to  noise  reduction  design  concepts,  including  the  use  of  acoustic 
treatment,  the  goal  of  IS  to  20  PNdB  reduction  appears  feasible.  (It  is  appropos 
to  point  out  that  a  redaction  of  20  PNdB  is  approximately  equivalent  to  a  90% 
redaction  in  noise  energy.)  The  design  conceits  that  reduce  noise  most  generally 
result  in  weight  additions  to  the  propulsion  system,  and  therefore  in  turn  result 
in  added  cost  burden  to  the  user. 

(b)  Some  of  the  features  are  currently  being  included  in  new  aircraft  produc¬ 
tion,  at  least  to  a  degree.  It  is  farther  anticipated  that  other  of  these  features, 
as  they  are  proven,  will  he  incorporated  as  time  goes  on,  possibly  as  production 
modifications  or  as  design  features  at  the  inception  of  new  propulsion  systems. 
Gertificatiim  ol  new  propulsion  systems  from  the  time  ct  initial  design  requires 
approximately  100  to  2S0  million  dollars  and  around  4  to  5  years  time  period. 
Modification  of  existing  systems  such  that  airline  reliability  can  be  assured 
range  from  one  year  to  three  years.  With  these  facts  in  mind  the  advanced  ideas 
emanating  from  the  Quiet  Engine  Program  could  be  introduced  into  service  per¬ 
haps  for  1972  for  military  proved  cimcept  through  1976  for  the  concept  developed 
late  in  the  program  or  which  require  development  of  totally  new  systems. 

(o)  The  mdse  redaction  figures  include  the  jet  noise  output.  For  the  Experi¬ 
mental  Quiet  Engines,  requirements  were  established  for  the  jet  vriocities  to 
mlnimiEe  the  noise  emanating  from  these  sources. 

(d)  Providing  due  consideration  is  given  to  minimizing  the  jet  noise  sources,  as 
in  the  design  concept  for  the  Experimental  Quiet  Engines,  fan  and  compressor 
noise  reductions  should  not  only  alleviate  the  situation  at  approach  but  also  at 
the  side  line  and  beneath  the  aircraft  after  takeoff.  In  particular,  this  ai^iears 
to  be  the  case  for  propulsion  systems  with  bypass  ratios  of  about  5  or  greater. 

2.  On  page  6  of  your  statement  you  indicate  that  the  TF39/CF6  engine  core 
wdll  be  used. 

(a) Question.  Save  you  begun  to  investigate  the  prospects  of  retrofit  of  existing 
aircraft  to  determine  the  costs  and  extent  of  retrofit  requiredt 

Answer.  The  General  Electric  Ck>mpany  has  not  done  any  studies  in  this  area. 
NASA  has  conducted  a  study  program  through  a  contract  with  the  McDimneU 
Douglas  Corporation  to  determine  the  coots  and  retrofit  extent  in  a  DCS  airaaft 
(Contract  NAS  8-11161). 

(  b)  Question.  Does  the  design  data  developed  apply  to  other  engines  and  wiU 
you  be  able  to  forecast  results  if  the  same  technology  is  supplied  to  on  engine 
manufactured  by  others? 

Answer.  Yes.  The  Quiet  Engine  Program  is  directed  toward  develoidng  this 
design  technology  for  lower  noise  aircraft  engines  and  demonstrating  iit  on  two 
different  designs  of  high  bypass  fans. 

(o)  Question.  What  aircraft  now  in  widespread  use  would  be  affected? 

Answer.  From  a  technical  point  of  view  the  Quiet  Engine  Program  features 
are  apifilcable.  From  an  ecomnnic  point  of  view  the  que^on  of  essratially  re- 
engining  the  fleet  is  a  matter  of  timing  and  cost  that  would  require  airline/air- 
framer  input 

S.  Question.  In  view  of  the  subjective  nature  of  noise  effects  on  humans,  do  you 
suggest  tltat  the  engine  finally  delivered  to  SA8A.  be  flight  tested  and  tlw  results 
compared  with  the  standard  enginet 


AaBwep.  mie  Quiet  Engine  d^veied  to  NASA  to  expected  to  be  possibly  1&-20 
PNdB  quieter  than  curr^t  airline  engines.  Experience  with  around  static  testing 
of  tbe  CES  engine  has  shown  that  the  sitojective  response  confirms  that  this 
»glne  to  much  quieter  than  current  engines.  The  CFfi  measures  10  PNdB 
quieter. 

Furthermore,  the  Quiet  Engine  has  been  designed  so  that  the  dominant  fre¬ 
quency  of  the  fan  to  wril  below  that  of  the  current  engines ;  therefore,  its  annoy¬ 
ance  will  be  less.  A  prrilmlnary  evaluation  <rf  subjective  response  to  the  effective¬ 
ness  of  the  noise  reductltm  achieved  In  the  Quiet  Engine  can  be  obtained  by 
ground  static  tests,  just  by  running  tbe  Quiet  Engine  and  then  a  current  migine, 
and  obtaining  listmier  response.  Further  substantiation  could  result  from  a  filght 
test  iwogram  to  determine  subjective  re^ionses. 

4-  Queition.  Although  you  suggest  addittonol  work  on  noise  measurements  and 
instrumentation,  you  do  not  speetfieaOy  suggest  work  on  iet  noise  reduction.  Bow 
would  you  attack  this  prohlemf  What  do  you  forecast  as  attainable  goals  within 
your  fan  noise  time  scale  f 

Answer.  Jet  noise  reduction  ot  a  ^gnificant  magnitude  has  been  achieved  by 
the  use  of  high  bypass  ratios  In  «iglnes  such  as  the  TF30  and  CF8.  This  reduces 
jet  velocity  and  Increases  alrfiow  to  obtain  required  thrust.  At  velocities  of  in¬ 
terest,  acoustic  power  varies  with  the  eli^th  power  of  velocity  and  the  first 
power  of  mass  flow.  At  the  levels  of  jet  velocities  that  will  exist  in  these  engines, 
experlmce  shows  that  the  types  of  suppressors  used  on  today’s  turbojet  mgines 
(CJ806-3,  JTID)  are  not  effe^ve. 

Under  the  Quiet  Engine  Program  we  will  examine  different  methods  of  exhaust¬ 
ing  the  fan  and  core  engine  flows  to  see  If  there  is  an  effect  on  jet  noise.  Pre¬ 
liminary  data  on  a  lower  bypass  ratio,  high  jet  velocity  military  engine  showed 
that  mixing  the  fan  and  core  engine  flows  reduced  the  noise  by  about  1-2  PNdB. 
Further  exrerimentati<>n  and  research  in  low  velocity  jet  noise  and  techniques 
for  its  eiyipression  are  required.  Without  this  type  of  program  it  is  difficult  to 
forecast  attainable  goals  in  any  time  period. 

5.  In  previous  testimony  it  has  been  su^ested  that  major  emphasis  on  aircraft 
noise  reductions  did  not  occur  until  the  past  4  or  5  years.  In  this  respect,  you 
state  that  yon  have  been  working  on  engine  noise  problems  for  a  number  of  years 

Question.  How  would  you  compare  what  you  ore  doing  today  with  your  work 
of  some  years  agot 

Answer.  We  started  working  on  engine  noise  problems  about  1955  in  order  to 
reduce  the  jet  noise  on  our  CJ805-3  turbojet  engine,  whi<ffi  powers  the  Convair 
880  jet  transport.  This  work  culminated  in  a  suppressor  which  reduced  jet  noise 
by  about  5  PNdB  at  takeoff.  Effort  continued  at  this  level  until  1906,  when  we 
entered  the  cmnpetitlon  for  the  DGIO.  l%e  larger  thrust  required,  combined 
with  tbe  high  bypass  technology,  indicated  that  there  would  not  be  an  escale- 
tkm  of  noise  at  takeoff,  but  that  at  approach  tbe  fan  whine  would  be  significantly 
higber.  Therefore  we  expanded  our  efforts  in  tbe  design  and  develojnnent  of 
a  low  noise,  high  bypass  fan  and  acoustic  treatment  materials,  in  order  to 
adiieve  a  sizaUe  reduction  in  noise.  Our  efforts  have  more  than  quadrupled  to 
accomplish  this.  The  addition  of  the  Quiet  Engine  Program  will  further  in¬ 
crease  our  efforts  in  1970  in  order  to  attain  even  greater  reduction  in  engine 
noise. 

6.  Military  and  civilian  aircraft  engine  have  bad  a  great  deal  of  ccnnmonallty  in 
the  past 

Question.  Would  you  agree  with  thisf 

Answer.  With  few  exceptions,  commercial  jet  engines  have  been  modifica¬ 
tions  from  military  engines.  This  commonality  has  been  mutually  advantageous. 
Tedinology  from-  the  military  ei^lnes  has  provided  the  base,  and  the  long  hours 
of  experience  that  result  from  commercial  service  have  contributed  extensively 
to  duraUllty  and  combat  reliability  of  tbe  military  engines  and  tbe  subsequent 
improved  models. 

Question.  Have  noise  reduction  considerations  been  design  criteria  in  the 
development  and  production  of  engines  for  military  aircraft  T 

Answer.  There  have  been  no  noise  requirements  for  our  military  engines. 
Military  engines  must  represent  minimum  compromises  if  tbe  desired  edge  in 
performance  is  to  be  adiieved  cmislstent  with  our  national  security  posture. 
Noise  reduction  features  and  treatment  represent  compromises  that  only  the 
military  can  assess. 

Question.  To  what  extent  do  the  CSA  engine  and  its  commercial  version,  the 
0F6,  differf 
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Answer.  In  looking  at  the  differences  between  the  CFd  and  the  TF38.  It  most 
be  remembered  that  the  CFd  has  been  optimised  for  the  DGIO  commercial  mis¬ 
sion  profile  which  Indndes  higher  cruise  speeds  and  shorter  fiights  than  the 
C5A.  Also,  the  CFd  program  go-ahead  was  in  April  19d8  which  allowed  the  CF6 
to  benefit  from  the  TF39  devel<^nnent  experience  and  to  take  advantage  of  the 
latest  state-of-the-art  in  engine  design. 

The  most  significant  differences  between  the  TF3&  and  the  CFd  Include ; 

(1)  Fan  design  for  low  ndse  features  and  lower  bypass  ratio  than  the 
TF39  to  be  compatible  with  the  DCIO  flight  regime. 

(2)  Combustor  design  to  eliminate  risible  smoke. 

(3)  Low  pressure  turMne  modified  to  be  compatible  with  the  smaller  CFd 
fan  described  above  in  Item  1. 

(4)  Accessory  drive  gearbox  and  engine  accessories  were  relocated  to  the 
outside  of  the  fan  case. 

(6)  The  thrust  reverser  was  changed  from  the  TF39  to  be  cmnpatible  with 
the  DOlO  alrframa 

(d)  A  thrust  spoiler  for  the  core  engine  was  added  to  meet  the  reverse 
thnist  requirements  for  the  DCIO.  A  thrust  spoiler  is  not  required  on  the 
C5A. 

QuettUm.  Would  noise  reduction  modi/loatUmt  impair  the  performance  of  the 
eSA  enginef  _ 

Answer.  The  effect  of  noise  reduction  modifications  on  performance  of  the  TF39 
would  depend  on  what  noise  criteria  was  established  and  bow  much  the  engine 
was  modified.  We  would  expect  that  there  would  be  some  loss  in  thrust,  in¬ 
crease  in  specific  fuel  consumption,  and  an  increase  in  installed  weight  if  modifi¬ 
cations  were  made  to  the  existing  engine.  If  the  engine  was  initially  designed  to 
meet  the  same  noise  requirement,  the  penalty  would  be  less.  It  would  take  a 
significant  study  to  generate  specific  numbers  on  the  effect  of  noise  reduction 
modifications  on  the  TF39  engine,  and  the  effect  of  these  modifications  on  the 
C5A  weapons  system  capabilities. 

Queetion.  Would  you  fudge  that  the  state  of  development  of  8T0L  and  V/8T0L 
engines  is  such  as  to  permit  us  to  move  8T0L  and  V/8T0L  prototypes  f 

Answer.  8TOL  and  V/STOL  aircraft  prototypes  could  be  built  using  engines 
currently  in  advanced  stages  of  development  Such  prototypes  would  not  yet 
show  the  levels  of  profitability  and  minimum  noise  levels  attainable  with  new 
advanced  technology  engine  types 

However,  the  technology  needed  for  such  engines  is  already  demonstrated  in 
princiifie  and  wril  understood.  They  could  therefore  be  developed  concurrently 
wiA  early  aircraft  prototypes  leading  to  commercial  operations  beginning  in  1975 
for  STOL  and  1976  to  1980  for  V/STOL.  ThLs  will  require  a  decision  to  go  ahead 
with  engine  development  no  later  than  1971. 

Question.  On  page  16  you  refer  to  the  value  of  flyover  testing  in  design.  Are 
there  any  problems  with  this  type  of  testing? 

Answer.  Care  must  be  taken  to  conduct  these  tests  in  areas  where  the  terrain 
does  not  significantly  distort  the  noise  measurements.  Iliis  means  that  flights 
over  deep  grass  or  extenaive  concrete  pavevnent  must  be  avoided,  sinoe  the  for¬ 
mer  absoibs  a  great  deal  of  the  acoustic  energy  and  the  latter  reflects  it  almost 
comidetely. 

Secondly,  weather  conditions  must  be  nearly  perfect ;  that  is :  no  temperature 
inveraloos,  which  tend  to  focus  the  noise  at  specific  locations ;  wind  velocities 
lielow  ten  knots,  so  that  focusing  and  scattering  are  minimized. 

Third,  aircraft  position,  attitude,  and  velocity  must  be  known  at  the  time 
measurements  are  taken.  This  Is  accomplished  by  cockpit  instrumentation  and 
the  use  of  either  synchronized  cameras  or  radar  tracking. 

When  the  above  conditions  are  met,  flight  tests  do  provide  valuable,  valid  data 
on  acoustic  performance  which,  when  compared  with  ground  static  dhta  and 
flight  predictions,  can  yield  more  precise  correlations  between  ground  and  flight 
perfonnance  and  consequmt  effects  cm  the  design. 

Question.  Do  you  think  your  research  efforts  arc  being  hampered  by  the  Uude  of 
the  Noise  Reduction  lAtboratory  proposed  by  NA8A  for  the  Langley  ResearPh 
Center? 

Answer.  The  Noise  Reduction  Laboratory  proposed  by  NASA  for  the  Langley 
Research  Center  will  allow  for  more  fundamental  studies  to  be  conducted  which 
could  yield  noise  reductions  beyond  those  sought  in  the  Quiet  Bngine  Program. 
With  such  a  facility,  more  attention  could  be  paid  to  the  details  of  noise  genera¬ 
tion  and  propagation  mechanisms  and  noise  attenuation  techniques  that  are  more 
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effldent  than  thoee  ptanned  for  tbe  new  wide  body  aircraft  and  for  the  Quiet 
Bnglne. 

Quettion.  What  i»  the  itatu*  of  icork  Iw  inveetigation  and  reduction  of  coni' 
preeeor  and  turbine  noitef  How  important  it  this  line  of  retearch  relative  to  that 
now  going  on  In  fan  noise  reductiont 

Answer.  To  tbia  point  in  dine,  fan  noise  has  been  the  dominant  noise  source 
from  the  profnilslon  system  rotating  machinery.  With  progress  in  reducing  the 
fan  noise  source,  experimental  results  indicate  that  ti^ine  noise  may  well  be 
the  next  dominant  source.  Analytical  investigations  have  been  inUiated  (as 
they  were  with  fan  noise)  to  better  understand  this  source.  In  addition,  exiieri- 
ments  have  bcmi  planned,  some  of  which  involve  acoustic  treatment  bdUnd  the 
turbine,  to  reduce  turbine  noise.  Future  noise  reduction  programs  should  include 
more  dfort  related  to  turbine  noise  reduction. 

Question.  You  presented  off-thocuff  ratios  in  watts  showing  the  amount  of 
engine  power  converted  into  sound  energy.  Could  you  supply  this  data  on  a 
series  of  representative  engines  including  those  you  discussed  f 

Answer.  The  following  table  provides  the  requested  data. 


EniiM 

SLS  thrust, 
pounds 

Acoustic 

onorn, 

kilowstfa 

Total  enorsy» 
kilowatb 

Acoustic  ofloriy 
inpoicootatoot 
totil  onorty, 
kilowstb 

CKtutMin.. . 

.  40,000 

10 

24.500 

13.500 
11,800 
25,000 

.02 

CJMS-3  turbojet. . 

irodfi 

63.0 

.466 

Ci305-23  tufbbian.. . 

Tf39  turbofm . 

.  15,000 

.  41,000 

lao 

31.0 

.084 

.124 

CF700  turbohn . 

.  4,100 

2.6 

2,900 

.088 

Mr.  HECHtER.  Our  next  witness  this  morning  will  be  Gten.  Clifton 
F.  von  Kann. 

STATEMENT  OF  OEN.  CLIFTON  F.  YON  KAHN,  VICE  FBESIDENT, 

OFERATIOHS  AND  ENOINEERINO,  AIB  TRANSPOET  ASSOCIATION 

OF  Ainr.Ti.TnA 

General  von  Kann.  Good  morning,  Mr,  Chairman. 

Mr.  Hechler.  Good  morning,  sir.  GtX)d  to  have  you  back  before  the 
committee. 

General  von  Kann.  Nice  to  be  here  again,  sir.  I  am  accomiianied 
this  morning  by  my  colleague,  Michael  J.  Strok,  who  works  in  my 
department  and  interests  himself  in  this  area  considerably. 

Mr.  Hechler.  Does  he  have  a  title? 

General  von  Kann.  What  is  your  correct  title,  Mike? 

Mr.  Strok.  Director  of  program  planning. 

General  von  KIann.  Director  of  program  fanning  in  the  operations 
and  engineering  draartment  of  the  Air  Transport  Association. 

Mr.  Hechler.  You  may  proceed. 

General  von  Kann.  Thank  you,  sir. 

Mr.  Chairmui,  members  of  the  committee,  my  name  is  Clifton  F. 
von  Kann.  I  am  vice  president,  operations  and  engineering,  of  the  Air 
Transport  Association  of  America,  the  trade  and  service  organization 
representing  virtually  all  the  scheduled,  certificated  airlines  of  the 
United  States.  It  is  a  pleasure  to  appear  again  before  your  subcom¬ 
mittee. 

You  will  recall  that  in  our  appearance  last  fall  several  airline  ex¬ 
perts  gave  their  views  on  the  important  subject  at  hand.  Were  these 
gentlemen  to  reappear  here  now,  their  testimony  would  probably  not 
change  significantly  from  that  given  last  year. 
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Us^  these  views  as  a  platform,  I  will  attempt  today  to  discuss 
the  air  transport  system  in  a  general  way  and  to  indicate  the  types 
of  research  and  development  which  I  think  will  be  most  important 
to  our  continued  progress  during  the  coming  decade. 

First,  a  few  thoughts  on  where  we  stand  t^ay. 

As  you  know,  jet  engine  technology  brought  a  transportation  revo¬ 
lution  to  our  country  about  10  years  ago.  Today  most  of  our  public 
intercity  travel  is  performed  by  air.  In  1958  the  airlines  a^un^ 
for  39.3  percent  of  the  passenger  miles  performed  in  public  intercity 
tnmsportation.  In  1968  the  airlines’  share  was  72.5  percent.  In  inter¬ 
city  travel  of  200  miles  or  less,  the  private  automobile  is  still  the 
most  popular  mode  of  transportation,  out  even  here  the  airlines  have 
made  inroi^s. 

Now,  this  growth  in  air  transport  has  been  spearheaded  by  the 
aircraft  and  engines.  Fortunately,  during  the  1960  s  the  old  airport 
and  air  traffic  control  systems  were  able  to  support  the  increased 
traffic  without  excessive  strain.  Now,  however,  the  strain  has  become 
excessive ;  and  today  we  have  a  crisis  in  airport  and  air  traffic  control 
capacity — especially  in  our  higher  density  areas. 

Let  me  describe  our  problems  in  some  detail,  for  an  understanding 
of  these  problems  is  needed  if  future  needs  for  R.  &  D.  are  to  be 
assessed  intelligently. 

We  have  three  major  areas  of  concern  in  the  U.S.  air  transport 
system  which  bear  on  R.  &  D.  needs.  These  are : 

First,  operational  facilities,  by  which  I  mean  airports  and  airways. 

Se(»nd,  connecting  facilities  (intermodal  and  intramodal.) 

Third,  our  effect  on  the  environment  and  the  quality  of  life. 

With  respect  to  operational  facilities  the  problem  is  complicated 
by  differing  organizations.  The  Federal  Government  is  responsible 
for  the  airways.  On  the  other  hand,  airports  are  built  and  operated  by 
a  variety  of  local  jurisdictions — ^sometimes  directly  and  sometimes 
throi^h  authorities  deriving  their  charter  from  one  or  more  of  the 
political  jurisdictions  involved. 

This  results  in  different  motivations,  different  pressures,  different 
ground  rules.  It  does  not  make  for  expeditious  action  that  can  re¬ 
cognize  and  satisfy  air  transport  requirements.  Hopefully,  the  new 
Department  of  Transportation  in  the  Federal  Government  can  help 
to  find  solutions.  In  any  event,  these  are  realities  which  bear  on  R.  &  D. 
efforts. 

Mr.  Hechler.  Excuse  me.  Are  you  going  to  give  any  suggestion 
or  just  throw  the  ball  up  in  the  air  1 

General  von  Kann.  I  think  on  that  one,  sir,  I  would  have  to  throw 
the  ball  up  in  the  air.  I  could  discuss  it.  I  think  there  is  some  thought 
being  given  in  the  Federal  Government  to  use  the  State  jurisdictions 
to  a  greater  extent,  pulling  power  up  from  local  jurisdictions.  This  has 
some  good  and  bad  things  about  it. 

I  think  it  is  too  early  in  the  game  for  me  to  say  what  the  right 
course  is. 

Mr.  Hechusr.  It  is  real  fine  when  you  are  in  the  middle  of  a  State, 
but  when  you  get  over  to  the  State  Iborder,  then  there  is  a  problem. 

General  von  Kann.  ITiis  is  true.  And  I  think  the  problem  is  recog¬ 
nized,  but  I  think  it  is  pretty  early  in  the  rame  to  suggest  the  courses 
of  solutions.  This  may  take  some  special  R.  &  D.  of  its  own. 
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Mr.  Hecbxxr.  Well,  I  would  only  suggest  that  it  may  be  later  than 
you  think. 

General  von  Kann.  Yes,  sir;  agreed. 

Mr.  Hechler.  You  may  proceed,  sir. 

General  von  Kann.  The  problems  of  connecting  facilities  are  of 
another  type.  Let  us  first  consider  intermodal  connections,  that  is, 
transfers  between  aircraft  and  other  transportation  modes — ^taxi,  bus, 
limousine,  private  auto,  train,  or  subway. 

With  few  exceptions,  airport  access  systems  do  not  support  the  peak 
needs  for  intermodal  connections,  and  this  can  make  the  rush  hour  at 
our  larger  hub  airports  a  nightmare  for  the  passengers.  Since  the  other 
travel  modes  must  be  provided  by  nonaviation  systems,  and  since 
these  must  satisfy  nonaviation  nee^,  the  problems  of  keeping  them 
in  balance  with  the  requirements  of  air  transport  are  staggering. 

But  even  intramodal  connections  between  aircraft  pose  formidable 
problems  for  the  passengers.  Despite  the  fact  that  the  airlines  spend  a 
great  deal  of  time  and  effort  working  out  convenient  connecting  sched¬ 
ules,  these  schedules  can  never  be  ideal  for  everyone.  Where  the  system 
runs  into  serious  delays — as  it  often  does  today — interconnecting  pas¬ 
sengers  may  fail  to  make  their  connections,  notwithstanding  the  most 
energetic  efforts  by  the  airlines  to  protect  their  customers. 

Even  if  there  were  no  problems  with  connecting  schedules,  with  the 
growth  in  air  traffic,  in  the  size  of  airports,  and  in  distances  between 
different  air  carrier  gates — this  may  amount  to  several  miles  at  the 
new  Dallas-Fort  Worth  Airport — it  is  becoming  more  time  consuming 
and  difficult  for  passengers  to  make  interline  transfers. 

Even  helicopter  and  STOL  connections  between  downtown  and 
the  airport  have  their  prchlems.  These  are  necessarily  high-cost  air 
operations,  and  the  passenger  often  has  to  use  another  transport  mode 
betwerai  the  helicopter  (or  STOL)  and  the  airliner. 

Turning  to  the  third  problem  area,  our  effect  on  the  environment  and 
the  quality  of  life,  this  is  the  most  recent  major  development,  perhaps 
the  most  urgent,  and  surely  the  most  complex. 

The  complexity  is  due  to  changing  social  attitudes  in  the  United 
States.  For  most  of  the  last  100  years  we  were  a  Nation  dedicated  to 
industrial  and  economic  growth  through  technolo«oal  progre^.  To  a 
great  extent  people  had  to  get  out  of  the  way  of  technology,  which  was 
not  unreasonable  because  we  had  plenty  of  room.  If  anyone  was 
unhappy  about  the  noise  of  trains,  trucks,  or  boat  whistles  he  could  go 
elsewhere. 

But  now  our  urban  areas  and  many  of  our  suburbs  are  crowd^.  Our 
people  are  having  to  learn  to  live  under  more  crowded  conditions,  to 
wait  in  line,  to  make  accommodations  to  one  another.  They  are  having 
to  learn  amenities  which  a  few  generations  ago  seemed  less  important. 
Meanwhile  our  political  leaders  and  the  judicial  system  are  insisting 
that  the  environmental  needs  of  individuals  be  given  greater  considera¬ 
tion  and  that  the  quality  of  their  life  be  protects. 

As  you  know,  the  airlines  are  under  great  pressure  to  reduce  jet  air¬ 
craft  noise — even  though  there  is  no  easy  or  immediate  solution. 
Noise  restrictions  at  various  airports  have  already  reduced  available 
capacity  of  these  airports.  Now  there  is  increasing  agitation  for  the 
airlines  to  eliminate  the  visible  smoke  exhaust  from  jet  engines,  even 
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though  this  snu^e  is  not  really  a  pollutant  and  has  some  safety  benefits 
in  that  it  increases  aircraft  conspicuity. 

Let  me  note  for  the  record,  however,  that  the  airlines  foresaw  this 
problem.  The  resulting  programs  of  the  airlines  and  engine  manufac¬ 
turers  have  already  arrested  the  increase  in  engine  smoK^e;  and  it  will 
not  be  too  many  years  before  all  airline  engines  are  virtuallv  smokeless. 

I  will  add  for  the  record  a  copy  of  a  statement  I  made  last  week  at 
the  Chicago  Press  Club  where  I  held  a  press  conference  on  the  airlines’ 
voluntary  program  to  reduce  smoke  emissions  from  our  aircraft  in 
support  of  this  statement. 

(The  document  follows;) 

Statbment  <»  Generai.  Cufton  F.  von  Kann,  Vice  Pbesisent — Opekattonb 

AND  Enoineebino,  Aib  Tbanspobt  Association,  Reoabdino  Vouintabt 

INSTAIXATION  OF  iMFBOVED  FUEL  COMBUBTOBS  ON  JET  AIBCRAFT,  DecBMBEB  4, 

t969,  Cbioago  Pbebs  Club,  Chicago,  III. 

These  are  the  main  points  in  the  airlines’  program  to  reduce  air  pollution ; 

1.  Airline  aircraft  emit  only  a  negligible  percentage  (about  1%)  of  the  man¬ 
made  pollutants  placed  into  the  atmosphere  from  all  sources.  This  creates 
primarily  an  esthetic,  rather  than  a  health  problem. 

2.  Despite  the  fact  that  99  per  cent  of  all  pollutants  come  from  non-aviation 
sources,  a  voluntary  industry  program  -to  eliminate  particulate  emissions 
from  the  prime  airborne  aource---JT8D  engine — has  been  underway  for  more 
than  four  years.  This  program  has  been  supported  entirely  by  the  engine 
manufacturer  and  the  airlines  using  that  engine.  The  program  has  produced 
new  combustion  chambers,  or  burner  cans  as  they  are  cwnmonly  called,  whidi 
are  new  being  operationally  evaluated  by  four  of  the  larger  ATA  member 
airlines. 

3.  'The  time  required  to  gather  the  required  operating  experience  with  modifica¬ 
tions  to  the  hot  section  of  the  JT3D  is  about  two  and  a  half  years,  of  which 
roughly  one  year  has  already  been  completed.  This  means  that  the  service 
evaluation  of  the  new  burner  cans  for  the  JT8D  should  be  completed  by  late 
1970. 

4.  If  the  results  of  the  current  operational  evaluation  are  satisfactory,  it  is  the 
intention  of  the  airlines  to  Incorporate  the  revised  burner  cans  into  the  JT8D 
engines  as  rapidly  as  overhaul  schedules  permit. 

5.  As  of  last  week,  the  operational  evaluation  by  four  ATA  member  airlines 
has  now  brought  some  of  the  new  combustion  chambers  beyond  the  3000  hour 
mark.  However,  there  has  been  relatively  little  operation  above  the  lower  engine 
power  rating. 

The  information  I  will  supply  on  behalf  of  the  airlines  will  show  that 
voluntary  efforts,  which  began  quite  some  time  ago  on  the  initiative  of  the 
industry,  are  producing  a  reduction  of  visible  contaminants  which  will  see  their 
virtual  elimination  at  the  earliest  practical  time. 

aibune  concsin  with  aib  pollution 

The  airlines  fully  appreciate,  and  are  deeply  concerned  generally  with,  the 
effects  of  air  pollution  on  our  operating  environment.  A  major  industry  con¬ 
cern  with  air  pollution  is  in  its  effect  on  visibility.  In  most  instances  pollution 
of  the  atmosphere  is  synonymous  with  reduced  visibility.  This  is  especially  true 
of  the  heavy  suspension  of  contaminants  in  the  form  of  particulate  matter  and 
hydrocarbons. 

This  does  not  mean  that  the  presence  of  air  contamination  renders  airline 
flight  operations  unsafe.  Airline  aircraft  and  flight  personnel  are  especially 
equipped  for  instrument  operations  under  conditions  of  reduced  visibility  caused 
either  by  weather  or  man-made  atmospheric  pollution.  Moreover,  minimum 
visibility  conditions  for  aviation  operations  are  carefully  established  by  the  air- 
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Unea,  and  by  tbe  Federal  Aviation  Administration,  to  Insnre  that  landings  and 
takeoffs  are  made  only  under  suitable  conditions. 

ooRTSiBtmoir  at  fsbsbrt  AncnArr  miissions  to  the  totai.  atuosphbio 
FOIXUnoR  U  SMAIX 

As  determined  by  several  local  and  Federal  sponsored  studies  tbe  two  prin¬ 
cipal  targets  of  pollution  control  efforts  are  snlpbnr  compounds  and  cairbon 
monoxide.  Jet  emglae  produce  no  sulidmr  compounds  and  very  little  carbon 
monoxide.  On  tbe  otber  band,  these  studies  show  that  automobile  exhaust,  which 
in  some  locations  constitute  as  high  as  90  to  96  percent  of  all  the  contaminants 
placed  in  the  air  by  man,  include  a  high  percentage  of  both  sulphur  compounds 
and  carbon  monoxide. 

Jet  aircraft  do  produce  relatively  infinite  small  amounts  of  hydrocarbon  and 
other  organic  gases,  aerosols  (smoke  is  an  aerosol),  oxides  of  nitrogen  and 
carbon  monoxide.  The  percentage  of  contaminants  placed  in  the  atmosphere  by 
Jet  aircraft  engines,  as  related  to  the  total  atmospheric  pohotion  placed  in  the 
atmosphere  by  man,  is  on  the  order  slightly  more  than  1  per  emit. 

As  the  Secretary  of  Health,  BJducation  and  Welfare  in  bis  r^wrt  to  tbe  C<hi- 
gress  in  December  1968  indicates,  “The  present  contribution  of  aircraft  emis¬ 
sions  to  the  total  atmospheric  pollution  burden  of  tbe  c<Mnmunity  is  considered 
small.’’  nils  is  similar  to  the  conclusion  of  the  U.8.  Public  Health  Service  Study 
undertaken  at  Kennedy  IntemaUonal  Airport  in  tbe  fall  of  1961  covering  pol¬ 
lutants  attributable  to  <g>eraUons  at  ainiorts. 

While  these  public  reports  show  that  cmmnercial  jet  aircraft  are  contributing 
only  very  limited  amounts  to  the  overall  pollution  level,  even  in  these  areas  of 
high  traflSc  density,  it  is  the  objective  of  the  aerospace  industry’s  program  to 
reduce  the  level  of  smoke  emission  to  the  absolute  minimum.  As  a  matter  of  fact, 
since  1958  en^eering  groups  from  the  airlines,  engine  manufacturers,  and 
fuel  Industry  have  been  actively  and  voluntarily  pursuing  the  problems  of  and 
solutions  to  exhaust  smoke  from  jet  aircraft  Many  studies  have  been  conducted 
to  ascertain  mechanisms  of  smoke  formation  in  turbine  engine  combustion 
systema 

WHAT  IS  THE  AVIATION  nTOUBTET  DOING  T 

Future  Aircraft 

As  a  result  of  study,  testing,  experimentation  and  evaluation  to  date,  tbe 
future  bolds  great  promise  for  decided  improvements  in  the  next  generation  of 
aircraft  such  as  the  Boeiiv  747,  tbe  Lockheed  1011,  and  the  DC-10.  The  newer 
entdnes  whi<di  were  designed  and  developed  by  engine  manufacturers  for  these 
aircraft  have  emnbustion  systems  of  more  advanced  design.  Tbe  technical 
experience  gained  in  tbe  past  as  to  tbe  design  feature  which  reduced  smoke 
were  incorporated  in  the  migines.  Ihe  elimination  of  exhaust  smoke  has  become 
a  routine  development  goal  and  is  included  in  our  technical  q;)ecifications.  as  a 
result  the  airlines  will  be  operating  these  new  airplanes  with  migines  which  are 
essentially  smokeless. 

Today’s  Jet  Aircraft 

Reseandi  by  engine  manufacturers  is  currently  probing  smoke  reduction  possi¬ 
bilities  for  several  of  the  engines  which  now  power  the  Jet  transports  flying 
today. 

Principal  attention  has  been  focused  cm  tbe  smoke  plume  emitted  by  the  JT8D 
jet  aircraft  «glne.  mils  migine  powers  tbe  Boeing  727,  tbe  Boeing  737,  and  the 
DC-9,  mie  manufacturer  of  this  engine,  Pratt  &  Whitney,  has  been  attacking 
the  smoke  problem  tor  well  over  4  years.  Primary  emphaete  has  been  on  elim¬ 
inating  the  particulate  emissions  which  cause  the  smoke  from  jet  engines.  Tbe 
nmiii  offmider  in  nnbumed  tiny  carbon  particles  caused  by  localized  incomplete 
combustion  in  thebumer  cana 

The  burner  can  is  the  heart  of  the  jet  engine.  It  is  where  fuel  is  mixed  with 
emnpressed  air  and  transformed  by  ignition  into  burned  gas  to  form  tbe  pro¬ 
pulsive  thrust  of  the  engine.  Pinpointing  the  localized  rich  pockets  in  tbe  burner 
cans  was  the  first  step  toward  smoke  reduction.  Once  indentifled  and  adjusted, 
over  500  test  rifps  were  run-in  to  confirm  results.  Then,  more  than  200  fnll-ecale 
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(engines  were  run  with  dlfferrat  burner  can  configurations  before  a  suitable  de¬ 
sign  was  selected  for  FAA  certUlcati<m. 

FAA  certification  followed  a  200  hour  testing  program  by  the  manufacturer. 
A  little  over  a  year  ago  37  engine  sets  of  these  newly  fabricated  and  improved 
burner  cans  were  delivered  to  4  of  the  larger  member  airlines  of  the  ATA  for 
in-service  operational  evaluation  on  727,  737,  and  DC-9  powered  aircraft.  Tbe 
prime  purpose  was  to  detennine  how  these  new  cans  would  operate  during  pro¬ 
longed  periods  in  the  airline  environment  and  to  find  the  service  life  of  these 
components  under  day-to-day  airline  operations. 

A  iiMi  Out  oi  at  least  u.uuU  uours  on  all  engines  furnished  the  carriers  will 
take  up  to  2%  years.  At  present,  ATA  participating  airlines  have  accumulated 
more  than  3,000  hours  on  one  en^e  set  of  cans  being  evaluated  and  as  low  as 
200  hours  on  another.  Most  of  this  operation  has  been  at  the  lower  engine  power 
rating  In  short  the  airlines  are  more  than  half  way  through  the  operational 
evaluation  which  should  be  completed  in  the  fall  of  1970. 

It  should  be  noted  that  this  is  not  an  excessively  long  period  of  evaluation. 
Unless  the  service  life  of  these  new  cans  is  firmly  determined  when  they  are 
introduced  into  general  airline  service,  engine  life  could  be  drastically  reduced 
which  would  disrupt  maintenance  cycles  and  present  the  industry  with  virtually 
impossible  problems  in  maintenance  scheduling.  Further,  a  short  period  of 
evaluation  would  fail  to  give  the  manufacturer  the  information  he  will  require 
to  eliminate  the  “bugs”  from  the  new  type  burner  cans. 

With  respect  to  the  Jet  engines  which  power  aircraft  such  as  the  DC-8,  the 
707,  and  Gonralr  880  (in  other  words,  the  JT3  and  GE  0805  engines),  as  soon 
as  the  manufacturers  of  these  engines  can  provide  the  airlines  FAA  certificated 
engine  “fixes”,  operational  evaluation  of  these  items  on  airline  aircraft  will  begin. 

SUMMAST 

The  airlines’  views  can  be  summarized  as  follows : 

1.  New  generations  of  airplanes  such  as  B-747,  DC-10  and  Lockheed  1011  will 
be  delivered  with  essentially  smoke-free  engines  by  the  mid-1970’s.  They  will 
amount  to  over  10  per  cent  of  the  U.S.  airline  fleet. 

2.  Regarding  the  JT8D  engine,  over  a  year  ago  the  airlines  voluntarily  started 
an  In-service  evaluation  of  new  burner  cans  provided  by  the  manufacturer.  Until 
at  least  5,000  hours  of  service  evaluation  on  each  of  the  37  engines  is  completed, 
the  airlines  detennine  their  specific  program  of  retrofitting  this  type  of  burner 
can  in  their  fleets. 

3.  When  the  manufacturers  of  such  engines  as  JT3  and  the  GE  CJ806  have 
completed  an  appropriate  smoke  emission  “fix”  on  their  engines,  the  airlines 
will  undoubtedly  evaluate  them  operationally  as  well. 

4.  While  it  is  impossible  to  make  firm  forecasts  at  this  point  in  time,  I  believe 
it  Is  safe  to  say  that  these  actions  will  result  in  the  majority  of  airline  engines 
being  smokeless  by  the  mid-seventies. 

Mr.  Hechler.  Are  you  seriously  saying  that  there  is  no  fallout  or  no 
pollutant  other  than  what  isr - 

General  von  Kann.  As  far  as  toxic  pollutant,  all  the  studies  that 
have  been  made  on  that  matter  indicate  that  those  are  negligible  quan¬ 
tities.  Usually  something  under  1  percent,  or  in  the  vicinity  of  1  per¬ 
cent  of  all  the  pollutants  in  the  atmosphere.  Now,  on  the  other  hand, 
the  nontoxic  pollutants,  which  are  largely  the  smoke,  the  soot,  the 
water,  oxygen,  substances  like  that,  are  about  99  percent  of  what  comes 
out  of  the  tail  of  these  jets. 

Mr.  Hechier.  I  see.  Then  you  ought  to  add  the  adjective  “toxic,” 
perhaps,  to  your  statement  You  said  this  smoke  is  not  really  a  pol¬ 
lutant. 
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General  von  Kann.  Yes,  that  might  be  so,  although  the  HEW  them¬ 
selves  classify  this  not  as  a  pollution  problem  but  as  r.  problem  of 
esthetics.  But  depending  on  whether  or  not  you  associate  the  word 
“pollution”  with  toxicity,  some  modification  of  this  nature  would  be 
in  order. 

Well,  anyway,  I  will  submit  this  briefing,  sir,  which  indicates  what 
we  are  trying  to  do  about  that. 

Mir.  H^hler.  All  right,  that  may  be  included. 

General  von  Kann.  Would  you  like  to  have  that  up  at  your  desk  ? 

Mr.  Heohler.  That  would  be  helpful,  yes. 

(jeneral  von  Kann.  Concern  for  the  environment  is  also  affecting 
airport  construction.  It  is  becoming  more  and  more  difficult  to  obtain 
approval  of  a  new  airport  site — or  even  to  improve  and  expand  exist¬ 
ing  airports.  The  benefits  which  an  airport  brings  to  a  community 
tend  to  be  forgotten  in  the  strong  concern  for  environmental  integrity. 

Now  I  turn  to  the  prospects  for  the  coming  decade,  the  decade  of 
the  l&70’s.  Our  efforts  to  solve  the  above  problems  will  dominate  the 
[greater  part  of  the  next  decade.  I  believe  that  the  extent  of  our  success 
or  failure  will  be  determined  largely  by  the  extent  to  Avhich  new 
technology  is  utilized  in  the  civil  air  transport  system  of  1980.  We  must 
therefore  do  some  forecasting  and  attempt  to  assess  the  most  serious 
difficulties  which  the  coming  decade  will  bring. 

With  respect  to  operational  facilities,  I  believe  we  will  achieve  ade¬ 
quate  or  near-£^equate  airway  capacity  by  the  late  1970’s.  Federal 
user  charge  legislation  which  will  provide  the  necessary  funds  is  all 
but  certain  to  be  enacted. 

The  technology  for  the  necessary  automation  of  the  air  traffic  con¬ 
trol  system  is  available  or  can  be  made  available  in  the  desired  time 
frame.  The  necessary  authority  exists  in  the  Federal  Aviation  Admin¬ 
istration.  Moreover,  the  problem  has  been  studied  in  some  depth  on 
several  occasions,  the  most  recent  effort  being  the  work  of  the  Depart¬ 
ment  of  Transportation  ATC  Advisory  Committee,  chaired  by  Dr.  Ben 
Alexander.  The  airline  input  to  this  study  is  contained  in  the  report  of 
a  special  airline  study  group  called  the  Air  Transport  Association 
ATC  systems  planning  group. 

And  I  also  oneir  a  copy  of  that  report  for  the  record. 

(The  document  follows :) 


AIR  TRANSPORT  ASSOCIATION  OP  AMERICA 
1000  Connecticut  Avenue  N.W.,  WaAington,  D.C.  20036 


RECOMMENDATIOMS  FOR  A 
NATIONAL  AIR  TRAFFIC  MANAGEMENT  SYSTTEM 


Final  Rqjort 
of  the 

Air  Traffic  Control  System  Planning  Group 


4uly  1969 


Copyright  ©  1969 

Air  Trampiat  AameiatiOD  of  America 


PubtUhedby 

ARINC  Reeeatch  Corporation 
A  SubaMiaty  of  Aemnautieal  Radio,  lac. 


246 


lOBIWORD 


Hm  homndouf  and  well-puUiciaad  deiaya  espeitenced  by  aU  uaen  of  Mew  York’s 
metropolitan  airporta  during  tbe  summer  of  1968  ^Hined  the  Operations  Conferoice 
Szecttthre  Committee  of  the  Air  Transport  Association  of  America  (ATA)  to  recommend 
tliat  a  special  aodinea’  task  force  te  established  to  develop  long-range  plans  and 
recommendations  for  a  future  Air  Traffic  Control  (ATC)  system  for  the  United  States. 
Consequently,  in  November  1968,  several  well-quabfied  individuals  from  representative 
airiines  were  appointed  to  a  working  gtoiqi  to  function  under  the  jurisdiction  of  ATA’s  Air 
Traffic  Control  Committee.  The  group  was  designated  the  Air  Traffic  Control  System 
Planning  Group  ( ATCSPG)  and  ^ven  the  following  terms  of  reference; 

“ '  Report  to  the  ATC  committee  within  six  months,  giving  its  recommendations  on  how 
today’s  ATC  system  should  be  remodeled  to  handle  safely  and  efficiently  the 
expected  growth  of  aviation  during  the  foreseeable  future. 

'  Be  wholly  concerned  with  suggesting  satistectory  long  term  solutions  to  ATC 
IKoblems,  at  the  same  time  bearing  in  mind  that  any  changes,  however  radical,  must 
be  evolutionary  in  duxactm. 

'  Endeavor  to  specify  the  respects  vdierein  airports,  navigation,  communications,  ATC 
facilities  and  ATC  procedures  diould  be  improved  to  achieve,  as  soon  as  possible,  the 
objective  of  an  adequate  and  expandable  ATC  system,  catering  to  all  users  of  the 
airspace.” 

Representatives  of  the  UJS.  Armed  Smvices,  tire  Federal  Aviation  Administration, 
National  Aeronautics  ft  Space  Administration,  Aeroqnux  Industries  Association  of  America, 
Inc.,  and  Aeronautical  Radio,  Inc.,  were  ask^  to  pi^dpate  in  the  ATCSPG's  sessions  on  a 
regidar  basis  as  observers;  sudi  participation  was  not  to  be  construed  as  any  form  of 
commitment  by  the  agencies  represented,  nor  as  endorsement  of  the  ATCSPG’s  report.  The 
ATCSPG  decided  to  keep  other  civil  users  of  the  airqMce  informed  on  its  work  by 
distributing  summaries  of  all  its  meetings  and  1^  asking  sudi  users  to  meet  with  the  Group 
when  its  work  had  reached  a  suitable  stage.  The  memben  of  the  ATCSPG,  observers,  and 
other  participants  in  the  sessions  are  idmitified  in  Ai^ndix  A. 

At  its  first  meeting,  the  ATCSPG  summarized  its  objectives  as  follows:  to  furnidi  a 
realistic  recommendation  for  an  Air  Traffic  Control  system  that  would  meet  tiie  needs  of  all 
users  in  the  United  States.  It  was  emphasized  that  the  Group’s  purpose  was  not  intended  to 
couflfct  with  the  work  of  tbe  Department  of  Tranqwrtation’s  Air  Traffic  Control  Advisory 
Committee;  however,  it  was  hoped  that  the  ultimate  recommendations  —  made  by  the  prime 
psisnigrr  common-carrier  industry  of  the  United  States  —  would  be  of  value  to  that 
comasittee  and  to  other  interested  agencies. 
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SUMMARY 


The  United  Statei  aUfatee  CTcogiiee  that  the  winent  eir-tndBc-conirol/efcport  complex 
that  aetvee  them,  as  common  canien,  has  serious  inadequacies  that  am  detrimental  to  the 
capad^,  safety,  and  growth  potential  of  the  national  aviation  qrstem  and  to  the  efficiency 
and  ecoiHMny  of  the  aviation  induaby  in  generaL  They  recommend  that  the  atapesse  be 
restructured  to  eliminate  the  current  unsatisfactory  mix  of  uncontrolled  and  controlled 
fUgbts,  and  that  a  minimum  “price  of  admiseion”  be  specified  fw  ell  aircraft  decting  to  fly 
in  controlled  air4)ace.Furtiier,tiiey  recommend  that  the  ground  Air  Traffic  Control  (ATC) 
function  be  conqtletely  automated  and  that  voice  communications  between  ATC  and 
aircraft,  except  tiioae  communicatione  for  b>erialiaed  or  emergency  purpoaes,  be  replaced 
by  automatic  digital  communications. 

To  expand  system  cufiteUy,  tire  aidines  recomnrend  that  aircraft  separation  standards 
be  reduced  nd  inqnovements  be  made  in  the  ahbocne  guidance-and-contnd  system  tor 
aircraft  operating  in  congested  meg^tolitan  areas.  They  stress  the  advantage  of  an  accurate 
and  reUaUe  system  of  poaiUon  determination  to  serve  both  navigetion  and  ATC  purposes, 
the  need  tot  increasing  airprnt  (xqpacity  by  improving  airport  design,  aixl  the  need  fmr 
building  airports  in  sufficient  numbers  to  meet  the  traffic  denumd. 

There  must  be  no  delay  in  obtaining  national  accord  on  bow  a  itew,  expandable  qrstem 
for  air-traffic  management  thould  be  constructed.  Funds  must  be  ippropciated  and  targets 
set  to  permit  the  prooeases  of  design,  procureneent,  evahiaticm,  and  commissioning  to 
proceed  on  a  firm  and  expeditious  time  sdredule.  The  airliiMs  recognise  the  many 
difficulties  associated  with  clian^ng  trmn  today’s  ATC  system  to  one  geared  to  the  real 
needs  of  tim  times  and  of  the  future.  However,  immediate  steps  must  be  taken,  and  «»e 
derrtent  of  the  transition  prooem  must  be  mriy  relief  of  the  current  situation. 
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CBAPTEBONS 

onwooucaoN 


Hm  Air  TnrfSe  Contaol  SyatOB 

A*  defiiMd  in  Fadonl  Aviation  Regulationa,  Part  1,  Ait  Traffic  Ccnitrol  is  “a  service 
opsiated  by  appropriate  auifa<»ity  to  promote  tfae  safe,  ordaly  and  expeditious  flow  of  air 
traffic."  The  provision  of  ibis  service  involves  the  myriad  interrelated  elements  that  have 
been  combined  by  an  evohittonaty  process  over  the  years  to  form  what  is  now  generally 
called  the  Air  Traffic  Control  (ATC)  system.  This  system  grew  —  it  was  never  designed  as  an 
entity.  It  is  extranely  coniplex  and  constantly  undergoing  changes,  partly  because  of  tike 
diverse  requirements  of  the  vsrious  users  of  dte  airspace,  and  partly  because  of  the 
continuous  increase  in  traffic  volume  and  the  ever-changing  nature  <rf  the  vehicles  that 
comprise  the  traffic. 

Although  continuous  modifications  to  the  ATC  ssrrtem  have  resulted  in  improvements, 
the  pressing  need  for  accetanting  die  improvement  ixoceas  is  recognized  by  all  concerned. 
There  is  less  unanimity,  however,  when  it  cmnes  to  dkcussing  nhat  diould  be  dmie;  there 
are  evmi  differing  views  on  what  exactly  is  meant  by  "the  system". 

In  its  broadest  sense,  "the  tystem”  mvolves  airports,  various  types  of  tyciKties,  rules, 
and  procedures.  It  also  involves  the  airapaoe  itself  —  the  manner  in  which  it  is  subdivided  for 
different  uses,  die  rules  and  procedures  governing  flight  within  its  diffment  categories,  and 
^  variety  of  tediniques  and  devices  (smne  ground-based,  others  self-contained  widiin  the 
aircraft)  used  tor  navigating  throu^  it.  The  ATC  qrstem  uses  a  complex  of  ground 
equtymmt,  airborne  equqiment,  personnel,  communications,  navigstion  aids,  displays,  radar, 
conqratas,  and  airways.  It  involves  circolatBig  an  abundmice  of  ptftn  containing  flight 
information,  criteria,  regulations,  and  procedures,  aU  aimed  at  making  the  system  funcdon 
according  to  certain  establiahed  ideas  of  how  operations  diould  be  conducted. 


Ililbt  Operatiotis 

Until  recent  years  there  were  only  two  basic  modes  of  fUght  operation.  The  first  —  the 
"see-and-be-seen”  mode  —  is  predicated  on  the  assumption  that  pilots  flying  in  certain 
specified  weather  conditkma  can  see  and  can  be  seen  by  the  pilots  of  conflicting  traffic:  the 
pilots  themselves,  therefore,  can  take  the  necessary  evasive  action  to  avoid  collision.  Federal 
Aviation  Regulations  governing  such  operations  are  known  as  Visual  Fli|d>l  Rules  (VFR). 
When  weather  conditions  are  below  the  minima  specified  for  VFR,  all  pilots  operating  in 
designated  ATC-controUed  airqiace  must  abide  by  Instrument  Flight  Rules  (IFR)and  obtain 
prior  approval  to  proceed  in  the  form  of  a  clearance  from  ATC;  this  constitutes  the  second 
mode  of  operation.  In  brief,  in  the  second  mode,  aircraft  separation  is  afforded  by  ATC  in 
certain  qiedficaily  designated  airspace.  This  mode  is  concerned  primarily  with  traffic 
operating  under  IFR. 
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Scheduled  aii-ceizier  jet  tmuports  must,  by  Pedenl  Air  Reguletions.  fly  IFR  under 
ATC  juitelictkMi  whenever  they  are  operating  in  oontiolied  air^Moe  —  even  when  VPR 
weather  conditions  pievaiL  Other  airctaJK,  however,  have  the  option  of  flyuig  VFR  or  IFR 
when  operating  in  controlled  aingMee  under  VFR  weaihec  oonditionB*.  Consequottly,  in 
good  weaflier  (VFR  conditions),  some  traffic  in  controlled  airqmoe  is  controlled  and  tome  is 
not,  and  die  pilots  flying  IFR  under  ATC  jurisdiction  must  also  abide  by  the  principles 
‘*see-an<H)o  seen"  because  other  traffic  in  the  same  ahapaoe  may  be  operating  VFR  and  may 
be  unknown  to  ATC.  In  essence,  there  is  a  system  of  divided  responsibility  during  good 
weather  conditions:  some  pilots  assume  the  obligation  to  see-and-avoid  all  other  traffic, 
while  others  rely  on  ATC  separation  for  avoiding  similar  traffic  but  remain  responsible  for 
seeing  and  avoiding  VFR  (nonparticipating)  traffic.  Furthermore,  because  humans  cannot 
measure  visibility  accurately  under  all  conditions,  there  are  often  differences  of  opinion 
among  pilots  as  to  vritether  VFR  conditions  prevail  or  not. 

During  recent  years  there  has  been  a  growing  concern  regarding  the  ability  of  pilots  to 
see  and  avoid  all  other  potentially  conflicting  traffic,  even  though  <^(>enting  in  unlimited- 
viaibiiity  conditions.  This  concern,  deepened  by  the  advent  of  higher  performance  aircraft 
and  the  large  increase  in  traffic  volume,  led  to  the  development  of  a  third  mode  of 
operation  known  as  “positive  control”.  This  mode  requires  all  aircraft  within  certain 
specified  air^Mce  to  operate  undor  ATC  jurisdiction  for  the  purpose  of  collision  avoidance, 
regardlem  of  weather  conditions  —  no  VPR  operation  or  uncontrolled  flight  of  any  kind  is 
permitted  within  “positive  control”  airqiace. 

Beyond  the  boundaries  of  the  controlled  airspace,  there  are  large  volumes  of  airqiace  in 
which  no  ATC  service  is  provided.  In  this  uncontrolled  arrqmce,  pilots  are  afforded  no 
separation  service  by  ATC,  whethm  they  ate  operating  under  VFR  or  IFR.  Only  the  genmal 
ri]^  governing  cruising  altitudes  according  to  direction  of  flight  provide  any  semblance  of 
segregation  between  all  types  of  traffic  —  VFR,  IFR,  opposite  direction  —  while  in  level 
flight.  In  essence,  separation  within  uncontrolled  airspace  depends,  during  VFR  weather 
conditions,  on  a  pUot’s  seeing  and  avoiding  other  flints,  and,  during  IFR  weather 
conditions,  on  spardty  of  traffic  and  chance. 

Because  of  the  constantly  increasing  traffic  volume,  the  increaaed  performance 
amiabilities  of  newer  aircraft;  and  the  growing  divmsity  of  operations  being  conducted  by 
aircraft  tmierators,  the  airline  industry  considen  an  efficient  ATC  service  to  be  the  most 
practical  method  of  avoiding  mid<air  collisions.  To  safeguard  their  customers,  the  airiines  are 
currently  seeking  the  protection  of  ATC  separation  (a)  in  IFR  weather  conditions  for  all 
their  flights  and  (b)  in  all  weather  conditions  for  their  flights  operating  in  airspace  where  the 
volume  or  nature  of  air  traffic  is  sudi  that  sole  reliance  upon  pilots’  seeing  arxl  avoiding 
other  traffic  involves  undue  risk  to  die  public. 

Airborne  CoBiaioa  Avcddance  Systems  and  ATC 

For  many  years,  the  airUne  industry  has  fostered  the  development  of  a  suitable  airbcsne 
ColUnon  Avoidance  System  (CAS)  and  Proximity  Warning  Indicator  (FWI).  However,  its 
interest  and  activities  in  this  field  tiiould  not  be  miscoiutrued:  as  indknted  previously,  the 
airiiiies  are  convinced  that  a  positive,  fail-safe  Air  Traffic  Control  qrstem,  under  the 
jurisdiction  of  a  central  agency  exercising  control  firom  estahlitiied  ground  units,  is  the  only 


*TUs  option  does  not  apply  in  “positive  control”  atoipaoe,  which  Is  diaeusssd  in  the  mbssquent  psngiaph. 
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Ml  tohitioa  to  tite  ■nid<«ir-colliiiaa  pcoblom.  In  addition,  the  induatry  believea  that  audi  a 
igrsiHn  i*  aaaantial  to  thn  aCtieiant  wganiiation  of  tiaffic  flow.  Neverllieleaa,  a  CAS  or  FWI, 
whan  fully  devdopad  and  ptoaan,  may  ha«a  logieal  appUeationa  aa  an  adjui^  to  the  ATC 
ayatam.  For  example,  tiba  poadUa  ability  of  ihaae  daaieaa  to  provide  for  efficimit  in-tiail 
oparationa  and  for  pilot  awatenam  of  nearby  ahcraft  on  to  or  departure  from 

panUal  runways  may  have  valuable  oomplementaty  qtplications.  In  no  aenae  are  sudi 
davicaa  enviakmad  aa  subatitutea  for  a  wall-eonceivad  and  efOciently  operated  Air  Traffic 
Control  vstem. 
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CHAPTER  TWO 
THEPBOBLBM 


TTie  Opwntional  Impact 

AU  openton  ot  civa  aircraft  rely  on  the  Federal  Government  and  airport  autfaoritiea  to 
provide  and  opmte  die  ground  facilities  and  ATC  facilities  essential  to  their  teak  of  serving 
the  traveling  public.  Failure  to  forecast  accurately  the  growth  of  air  traffic  and  to  anticuMite 
the  airways/airport  system’s  inadequacy  f<»  handling  traffic  demand  in  key  metropolitan 
areas  has  resulted  in  increasing  congestion.  The  situation  inflicts  hardships  on  the  traveling 
public,  financial  losses  on  the  air  canters,  and  constraints  on  the  economic  growth  of  the 
surrounding  community. 

The  current  ATC  system  relies  heavily  on  the  skill  and  dedication  of  human  air-traffic 
controllers  who  use  radar  for  aircraft  surveillance  and  sequencing,  and  voice  communi¬ 
cations  for  communicating  with  pilots.  The  lack  of  precise,  auto<*  *ic,  and  unambiguous 
information  either  in  the  aircraft  or  on  the  ground  necesatuives  substantial  human 
intervention  diat  results  in  heavy  workloads  for  both  pilot  and  conttoll«r.  Radar  has  been 
refined  for  ATC  application,  secondary  surveillance  radars  have  been  introduced  in 
elementary  form,  and  processing  and  display  systems  providing  three-dimensional  position 
and  identity  information  are  just  beginning  to  ^ipear  on  the  scene.  Nevertheless,  over  the 
long  tom,  file  current  primary /secondary  radar  systems  have  serious  shortcomings.  They  are 
saturable,  inefficient  in  information  flow,  and  suffer  interference  from  weather  and  other 
sources.  Better,  more  accurate,  more  efficient,  and  more  economical  means  of  position 
determination  must  be  developed  for  the  future  ATC  system. 

Airports  and  airport  facilities  have  also  failed  to  keep  pace  with  traffic  growth;  the  tasks 
of  finding  the  necessary  financing,  obtaining  agreement  on  the  location  of  new  jetports,  and 
acquiring  the  necessary  real  estate  inevitably  take  a  long  time.  Furthermore,  the  capacities 
of  most  existing  major  airports  are  severely  limited  by  noise-abatement  procedures  at  certain 
times;  similarly,  construction  and  repair  work  are  generating  delays. 

The  ever-increasing  demand  on  ATC  voice-communications  channels  has  led  to 
communications  congestion  and,  in  conjunction  with  the  limited  capabilities  of  some 
airborne  equipment,  to  consequent  compromises  in  the  frequency-assignment  plan  designed 
to  avoid  interference  between  signals. 

In  file  absence  of  a  short-term  solution  to  the  ATC  system’s  deficiencies,  aircraft 
operators  are  being  penalized  by  arbitrary  resbrictions  on  traffic  movement,  and  the 
imposition  of  undesirabie  limitations  on  the  operating  charactmistics  of  their  aircraft. 

ATC  and  navigation  service  is  not  available  for  all  the  IFR  operations  that  the  airlines 
require.  This  is  due  partly  to  inadequate  system  cqiacity  and  partly  to  Government  policies 
concerning  the  use  or  provision  of  navigation  aids  for  public  air-tranqportation  service. 
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The  inherent  complexity  of  today’s  ATC  system,  as  it  struggles  to  handle  the  increasing 
demand  for  service,  is  spawning  regulations  and  procedures  greatly  increase  the 
woricload  of  controller  and  pilot.  Risk  of  human  error  by  misunderstanding  or  oversight  is 
introduced;  too  often,  the  ATC  system  is  forced  to  operate  at  the  limit  of  its  capihility,  so 
that  even  a  small  unantic^Mted  event  can  upset  the  delicate  balance  of  operations  and  cause 
almost  total  diaruption  of  service. 

A  picture  is  revealed,  then,  of  an  ATC  system  that  has  been  exceedingly  slow  to  evolve. 
Re^wnsible  persons  have  faiM  conaiataitly  to  tackle  serious  problems  until  they  have 
become  critical:  patdiwork  fixes  have  beai  adopted  with  little  apparent  ^ptpreciation  of  the 
long-term  consequences.  When  develor  sent  work  has  been  involved,  there  has  been  fkr  too 
mudh  delay  in  introducing  equipment  into  service.  Adding  more  controllers  —  althou^ 
necessary  now  —  does  absolute^  nothing  to  solve  the  long-term  problem:  combination 
between  controllers  is  time-consuming  and  burdensome,  and  the  addition  of  more 
controllers  to  relieve  the  woAload  generates  a  requirentent  for  more  comdination  and,  thus, 
eventually  defeats  the  objective.  At  the  same  time,  some  procedures  designed  to  minimise 
coordination  have  the  disadvantage  of  decreasing  flexibility  and  causing  inefficient  use  of 
airqMce. 

Any  satisCsctory  improvement  plan  must  achieve  a  proper  balance  betsreen  short-term 
and  long-term  remedies.  Methods  must  be  found  to  effect  limited  early  improvements  while 
die  development  work  necessary  to  effect  longer-term  improvements  is  pursued  energeti- 
caOyr  and  at  an  acceletated  pace.  In  this  process  some  new  equ4|Hnent  must  he  qiplied 
without  delay,  even  if  it  does  not  meet  the  longer-term  goals. 

There  has  been  consistent  fulure  to  implement  recommendaticns  that  have  had 
Government  endorsement.  As  long  ago  as  1948,  an  imaginative  and  far-sighted  plan 
proposed  by  Special  Committee  Number  31  of  the  Radio  Tedinical  Commission  for 
Aeronautics  was  endorsed  by  die  Congressional  Aviation  Policy  Board;  it  was  never 
inqriemented.  Other  plans,  sudi  as  those  of  the  Air  Coordinating  Committee  Special  Groups 
6  (1950)  and  13  (1967),  Ae  Curtis  Committee  (1967),  and  the  Project  Beacon  Task  Force 
(1961)  have  been  only  partially  implemented.  Since  then,  misunderstanding  of  the  problem 
and  serious  underesdmadon  of  die  costs  involved  have  resulted  in  a  situation  that  is  causing 
wideqiread  national  concern.  The  situation  demands  urgmit  attention  at  the  highest 
Government  and  industry  levels.  Success  in  solving  die  problem  will  be  measured  in  terms  of 
the  extent  to  irtiich  the  future  ATC  system  accommodates  die  requirements  of  aU  users  of 
die  national  air^iaoe  and  thereby  fosters  die  natural  growth  of  an  industry  that  is  vital  to 
the  nation’s  prosperity  and  economy. 


The  Economic  Impact 

The  spectacular  growth  of  air  tranqiortation  is  due  basically  to  one  unique  feature  — 
time-saving.  Busineasmen,  Government  administrators,  the  general  public  —  all  bent  on 
traveling  large  distances  in  short  periods  of  time  at  economical  prices  —  have  made  air 
transportation  the  primary  mode  of  long-distance  travel  in  the  United  States.  The 
time-saving  capabilities  of  modemaircraft  also  have  been  reqionaible  for  large  increases  in  air 
frei^t,  a  segment  of  the  industry  that  is  predicted  to  grow  even  more  nqiidly  in  the  futiire. 
Unfortunately,  the  delays  created  by  deficiencies  in  the  ATC  system,  airports,  and  related 
facilities  are  iiihibiting  full  ciqiitalization  on  this  unique  characteristic  of  air  transportation. 
Passengers  and  their  families  and  friends  are  being  inconvenienced  and  frustrated,  the 
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aiicnft  openton  aie  incuning  latga  a«id<tfc>n«l  openting  espenies,  and  the  overall  impact  of 
po<«  parfonnanoe  on  the  cumnt  and  ia^Mnding  tmnendoua  ogtital  lequiKmenta  of  the 
induatry  ia  aerioua. 

Any  circumatancec  that  cauae  aircndt  to  deviate  from  their  time  acfaedulea  by  mme  than 
a  few  minutea  not  only  prevent  the  air  caniera  from  providing  a  aatiafwtmy  lervice  to  the 
traveling  public  but  alao  make  it  difficult  for  diem  to  maintain  the  fare  atructure  neceaiary 
for  true  mam  tran^MCtation.  Although  an  air  carrier  initially  may  aooqit  lower  profita  or 
pnater  defidta  to  abaorb  the  extra  coat  impoaed  by  delaya,  aooner  or  later,  even  in  a 
regulated  induatry.  he  muat  pam  on  thla  coat  to  the  cuatomara  in  the  from  of  incrwaed  fatea. 

Aa  traffic  volume  baa  grown,  delaya  have  ineieaaed  propmtionately.  Recently,  a  atudy 
conducted  by  the  airlinea  and  die  PAA  eatiinated  that  the  direct  operatiag  cote  to  the 
adieduled-airliiie  induatry  due  to  terminal  delaya  waa  approximately  60  million  dollara  in 
1966,  75  million  in  1967,  and  in  excem  of  100  million  in  1968.  One  mai<»  airiine  eatimatea 
that  fli^t  delaya  (deviationa  from  puUidied  acheduled  th  i)  cauaed  primarily  by  ATC  or 
airport  deficiendea  were  re^wnaible  for  additional  dire*.,  iqiemting  coata  of  at  leate  24 
million  dollara  in  1968.  Theae  figurea  do  not  include  the  additional  direct  cote  of  special 
paaaenger  aervicea  audi  aa  hotel  accommodattona,  meala,  limouainea,  taxia,  telephone  caUa, 
and  telegrama.  The  intangible  coata  aaaoriatert  wite  lorn  of  public  confidence  and  leteriction 
oi  growth  mute  alao  be  recognized  aa  profoundly  aignificant. 

To  iwintaiin  reaUctic  adiedule  information  for  the  benefit  of  ita  cuatmnera,  the  airlines 
already  allow  for  many  minutea  of  probable  delay  due  to  ATC  pioblema.  Aa  an  example, 
fUghta  by  today’a  jet  airliners  betwemi  New  York  City  and  Wadiington,  D.  C.,  diould  be  able 
to  meet  a  gate-toiiale  adiedule  of  35  minutes;  instead,  because  of  deficiencies  in  the  ATC 
system,  a  rqneaentative  airline  schedule  diowa  gate-to-gate  times  that  vary  from  58  to  63 
minutes.  Moreover,  the  average  operating  time  on  the  same  sector  has  been  increasing 
recently  at  the  rate  of  one  minute  per  month.  (Charts  iUusttating  the  increase  in  tanninal 
delays  and  the  cote  of  such  delays  are  included  in  Appendix  B). 

Under  these  conditions,  then,  it  is  not  surprising  to  find  that  the  bigh-performance, 
expensive  aircraft  acquired  by  the  airlines  are  being  operated  between  many  congested-area 
city  pairs  with  approximately  the  same  gate-to-gate  times  that  vrere  achieved  many  years  ago 
wifii  slower  and  leas  expoisive  piston  aircraft. 

Since  the  PAA  maintains  only  cursory  and  general  reccards  of  ATC-associated  delays, 
there  are  no  accurate,  definitive  data  concerning  the  economic  impact  of  such  ddays  on  tee 
aviation  industry  and  tee  nation.  It  is  reasonable  to  conjecture,  however,  teat  if  tee 
complete  penalty,  in  terms  of  additional  operating  expense,  inconvenience  to  tee  puUic, 
missed  businesB  appointments,  alternative  travel  cost,  etc.,  were  known,  it  would  be  a 
staggering  revelation  to  all  concerned.  . _ 


the  Consequences  of  Continuing  With  The  Current  System 

Recent  experience  indicates  teat  an  overall  plan  for  an  Air  Traffic  Management  system 
capable  of  handling  expected  traffic  grovrte  must  be  formulated,  adopted,  and  inqplemented 
if  tee  aviatem  industry’s  growth  is  not  to  be  stifled  and  if  a  general^  unsatisfactory  service 
is  not  to  be  offered  to  tee  public.  The  PAA  itself  has  fmecast  that  tee  number  of  airline 
revenue  passengers  will  grow  from  153,500,000  in  1968  to  470,000,000  in  1979  and  teat 
tee  scheduled-airline  fleet  will  increase  from  2388  aircraft  to  3860  aircraft  in  tee  same 
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period.  The  aame  forecaet  f«edicta  that  the  active  general-aviation  fleet  will  grow  from 
112,000  aircraft  to  203,000  aircraft.  (Current  experience,  incidentally,  is  diowing  that  all 
such  recent  forecasts,  regardless  of  source,  have  significantly  underestimated  the  actual 
growth  rate.)  Charts  that  illustrate  the  growth  of  air  trafflc  in  the  United  States  are  included 
in  Aiqtendix  B. 

AMiough  tfaoe  are  no  exact  statistics  mr  forecasts  for  the  number  of  uncontrolled 
flints  in  the  United  States,  the  FAA  has  provided  counts  and  forecasts  for  all  <^>erations  at 
airports  with  FAA  ATC  service.  These  indicate  that  in  1968  sudi  airports  handled 
63,100,000  operations,  of  which  14,600,000  were  under  IFR;  the  forecast  is  for  this  ratio 
to  be  maintained  through  1979.  Moreover,  investigations  aitd  discussions  reveal  that  many 
current  VFR  movements  would  probably  operate  under  IFR  if  the  ATC  system  were 
capdile  of  handling  them  without  excessive  delay.  However,  in  high-density  areas,  the 
system  has  been  proven  inc^Mble  of  handling  even  the  current  amount  of  IFR  tnfflc 
without  excessive  dday  and,  even  if  funds  and  equqnnent  were  available  for  immediate 
expansion  of  ATC  services  on  a  short-term  basis,  it  would  not  be  feasible  to  proceed  because 
sufficient  trained  confroUers  are  not  avail^le.  (The  FAA  estimates  that  it  takes 
^^woximately  two  years  to  train  an  air-traffic  controller.)  Furthermore,  all  currently 
planned  technical  improvements,  sudi  as  the  NAS  Stage  A  and  the  ARTS  programs,  which 
are  expected  to  be  implemented  slowly  with  a  completion  date  of  1972  or  1973,  are  not 
expected  to  increase  capacity  to  the  extent  necessary  to  meet  the  projected  air-traffic 
growth.  However,  these  programs  can  provide  the  computer  base  on  which  future 
automation  can  be  platmed. 

Additional  airport  runways,  STOL  p<»t8,  helqwrts,  and  general-aviation  airports  are  also 
planned  for  hi^-density  areas  such  as  New  York,  but  Aese  too  will  offer  no  significant  help 
prior  to  1972/1973  at  the  eariiest.  Even  then,  to  obtain  any  real  increase  in  air-traffic 
capacity  in  sudi  megspolitan  conqilexes,  it  also  will  be  necessary  for  the  airspace  users  to 
equip  their  aircraft  with  area-navigation  systems  and  for  the  FAA  to  develop  the  ^>propriate 
proi^iues  and  rules.  These  requirements  are  clearly  indicated  by  the  preliminary  results  of 
the  FAA’s  radar  and  analytic  simulations  of  the  New  York  area  in  1975,  which  assumed 
that  90  percent  of  the  users  were  equipped  with  area-navigation  systems. 

While  the  current  ATC  system  falls  further  and  further  behind  the  traffic-growth  curve 
every  year,  remedies  offered  by  its  defenders  are  generally  either  restrictive,  sudi  as  to  rely 
on  scheduling  according  to  system  capacity  rather  than  public  demand,  or  optimistic,  such 
as  to  rely  on  the  advent  of  the  large  jets  (B-747,  DC-10,  L-1011,  etc.)to  reduce  the  number 
of  aircrsft  involved.  It  diould  be  noM  witii  reqrect  to  the  latter  expectation  that  most  of 
die  smaller  jets  are  being  depreciated  on  the  basis  of  at  least  12  years  of  useful  life  and  that 
the  FAA  forecasts  predict  a  large  increase  in  the  air-carrier  fleet  and  an  even  larger  increase 
in  the  general-aviation  fleet.  Some  individuals  have  advocated,  contrary  to  traditional 
American  ideas,  less  competition  among  the  air  carriers  as  a  possible  solution;  others  believe 
that  high-^>eed  rail  passenger  service  may  be  the  answer.  The  advocates  of  rail  service 
minimize  the  difficulties  and  huge  costs  involved  in  implementing  their  ideas  and  diq>arage 
the  fact  that  aircraft,  whether  STOL,VTOL,  or  CTOL,  could  offer  better  service  to  those  to 
whom  time  is  important,  if  the  ATC  system  were  (apable  of  handling  sudr  aircraft  properly. 
The  very  nature  of  these  “remedies”  indicates  the  seriousness  of  the  crisis.  By  Government 
order  and  mutual  agreement  between  the  airlines  involved,  sdtedule  restrictions  have  already 
been  put  into  effect.  The  impact  on  the  cities  involved  is  small  so  far,  but  in  Ifae  long  run 
their  economic  well-being  will  be  impaired. 
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The  United  States’  air  tranqwrtation  network  has  become  the  miyor  inter-city  passenger 
common  carrier  and  is  vital  to  the  movement  of  certain  classes  of  cargo;  general-aviation 
aircraft  also  contribute  significantly  to  the  national  economy.  Deqrite  any  immediate  action 
by  Government  and  the  industry,  growth  in  all  segments  of  aviation  will  be  restricted  in  the 
next  decade  by  the  lack  of  an  adequate  system  for  air-traffic  marragement.  It  is  vital  that 
this  restriction  be  eliminated  as  soon  as  possible.  New  approaches  must  be  adopted  and  the 
best  of  modem  technology  harnessed  to  yield  a  viable  and  expandable  systmn  that  nurtures 
rather  than  impedes  the  growth  of  the  aviation  industry. 
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cHAPnaimMs 

BKXNOIBNDATKmS 


RBOmillBNDATWN  1 


The  Air  IVifflc  Menafement  ayitem  Aould  terve  all  typea  of  aril  and  militaiy  airoaft. 
Diacuarion 

The  airqMoe  of  the  United  Statea  ahould  be  open  to  all  aircraft  including  VTOL,  STOL, 
and  CTOL,  rrtietfaar  general  aviation,  onnmercial  common  carrier,  or  military  vehiclea.  More 
than  one  qratem  would  not  be  economical,  inevitably  would  require  difficult  coordination, 
and,  conaequently,  would  be  contrary  to  the  national  inteieat. 


RBOCMdllENDATION  2 


There  dbould  be  two  categoriea  of  airqwce  —  uncontrolled  and  controlled,  the  latter 
divided  into  three  typea.  The  two  categoriea  are  defined  aa  follows: 

*  Uncontndled  Airspace  —  AitqMce  in  wfaidi  all  aircraft  are  outside  the  active 
jurisdiction  of  ATC.  Separation  is  adiieved  only  by  compliance  with  die  rules  of  the 
air  applicable  to  this  air^taoe. 

'  Controlled  Airspace  — Airqiace  in  idiidi  all  aircraft  are  under  the  jurisdiction  of  ATC 
for  the  purpose  of  receiving  sqiaration  service.  The  nature  of  (his  aenice  will  vary, 
depending  on  whedier  die  aircraft  is  an  aettut  participant  ot  a  pataioe  participant  in 
die  ATC  system. 

DadaitioH: 

'  Partidpant  —  Aa  ataciaft  hi  eoatnlsd  shnieea  whose 
Usatiqr,  podthm,  and  attttada  is  mads  knoin  to  ATC, 

HotwhMy  aatoaatieally,  withoot  human  hitenentioii. 

'  Aettw  Artfcpsnt  —  Aa  aherntt  oparstsd  ahHig  (H^t 
paths  qwflflfsBy  aaalgiiad  or  spptosod  by  ATC  hi 
impooas  to  a  lUiht  plan. 

*  Parntrc  Fartkipmt  —  (^  An  ahcmft  oparstsd  sloiig 
Mght  paths  that  aw  chosso  by  thapBotoroparsiersnd 
that  am  mads  known  to  ATC,  which  hi  tarn  provUes 
tiaille  advlsoiim  to  tbs  atreiaft,  or  (b)  an  ataentt  that 
doss  not  mnka  Ms  hitantioas  known  In  adsanes  to  ATC 
and,  thsmCose,  doss  not  loestw  tistBe  adrlsocias. 
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CoDtroOed  atapaoe  AottU  Iw  nfailMdad  M  foUcMn: 

"  ^p*  1  AlEipan— Sfl^aeateiritiiiniHiieiitiMdeiiaHgrariMtuiecrfopcntioiiiif 
fodi  diet  ATC  is  iwponrtls  for  pKnidlag  mpm/Oon  mnkx  between  sD 
abneft  Aooofdin^: 

1.  AUtdremtt  mutt  b9  aetlv*ptrtietpant$ 

2.  RecMdleM  of  weetker  eooditiofia,  all  ofiantioas  iniist  be  conducted 
acooiding  to  fltfit  plans  f(»  wbidi  petot  ATC  appioval  has  been  obtained. 

S.  Identity,  portion,  and  allitade  of  an  aisenft  must  be  known  to  ATC. 

4.  An  airataft  mnst  be  in  two-way  eommnnicstion  with  ATC,  ptefsnbty  by 
sutnmatif  mnani 

"  1>pe  3  Aiatpaee  —  Segments  wHhin  which  the  dssuity  oc  natuie  of  is 
such  that  ATC  is  n^Mosibls  only  foe  ptoviding  ssperation  seeviee  between 
(a)ae(iM  pertietyent  end  eethie  ptrtldpant  and  (b)  between  aetiue  paM^punt 
and  patitae  parttdpant  SqMntion  between  pattbm  partMpmt  and  pamiue 
partMpant  be  the  nqxmsibility  of  the  pilots,  aided  by  ATC  seivice  in  the 
fonn  of  tiafBc  advisories.  Aceoidin^: 

1.  Active  partidpetion  is  lequlied  only  when  die  spediSed  weather  conditions 
pravaO,  but  aiicnft  may  dect  to  participate  actively  during  -ny  weather 
oondittona. 

2.  When  epvcitied  weather  conditions  prevail,  passive  psrticipation  win  be 
pennissible  even  thoutpi  some  atreraft  mty  dtoose  active  perticipatiem. 
When  weather  conditioas  do  not  permit  psssivr!  paitictyation,  an  tratde 
must  become  active  participant*. 

3.  AU  operations  must  be  conducted  on  a  flight  plan,  regstdleas  of  weather 
conditions.  However,  only  active  participant*  need  obtain  prior  ATC 
spproriL 

4.  identity,  position,  and  altitude  of  an  traffic  must  be  known  to  ATC. 

5.  An  aircraft  must  be  in  two-wiQr  communication  with  ATC,  preferably  by 
automatic  means. 

'*  1>pe  3  Ahapaoe  —  Segments  within  wbkh  traffic  density  is  dgnificandy  less 
than  that  in  Type  2  Airapooe,  Irat  in  which  ATC  is  stSl  responsible  for  providing 
separation  service  between  active  portictyant  and  acfWepnIieipanf  and  between 
oefftw  partictyenf  and  posshw  participant.  Separation  haXnnea  paaaioe  participant 
and  paarioa  partictpmt  wiU  remain  the  resprmsibiUty  of  the  pilots,  widiout  the 
benefit  of  traffic  advisories  from  ATC.  According: 

1.  Active  participation  is  lequfaed  only  when  the  ipedfied  weather  conditions 
prevail,  but  airenft  map  dect  to  participate  activdy  during  any  weather 
condittons. 

2.  When  specified  weather  cmxUtioiu  prevail,  passive  partictyation  will  be 
permissible  evm  thou^  some  pilots  may  choose  active  participation.  When 
weather  oonditioiu  do  not  permit  passive  participation,  all  traffic  must 
become  active  psrtictysittii. 

3.  Operations  by  active  participantt  must  be  oMuhicted  on  a  flight  plan  for 
which  prior  ATC  typtoval  bu  been  obtained.  No  fli^t  |dan  is  required  of 
ptmiuc  participant*. 


12 


264 


4.  Identity,  poeition,  eiid  attitude  of  aO  afeoaft  muat  be  known  to  ATC. 

6.  Active  portielpenta  muat  be  in  two-way  communication  with  ATC, 
peefenUy  by  automatic  meant.  Anaiee  partietpmte  muat  have  at  least 
two-way  voice  communications  with  ATC. 


Diacuadon 

Increased  traffic  in  congested  areas  and  the  introduction  of  hi^-petfonnance  aircraft 
militate  against  continuing  to  place  sole  rdiance  f(»  crdbaion  avoidance  on  pilots’  vision. 
Implicit  in  Reccmunendation  2  is  the  need  to  devdop  a  relativdy  simple  and  low-cost 
airborne  device  that  can  loovide  three-dimensional  position  and  identity  information  to 
ATC,  and  that  is  c^wble  of  being  carried  evmttually  by  all  airciaft  flying  in  controlled 
aoapace.  Receiving  equipment  would  be  deidoyed  to  process  agnals  from  these  devices  and 
automatirally  transmit  the  necessary  infomation  to  ATC*s  data-pcocesaing  units.  Tedmical 
presentations  to  the  ATC8PG  have  led  to  the  concluaion  that  there  are  several  tedmiques 
f<»  achieving  this  olqective  arittiin  today’s  state  of  the  art.  It  is  urged  that  imaginative 
technology  be  aiqitied  to  find  the  optimum  technique. 

The  elements  of  Recommendation  2  are  summarised  in  TaMe  1. 


Table  1.  SUMMARY  OF  TYPES  OF  CONTROLLED  AIRSPACE 

1 

Typel 

Airqisee 

Type2 

Ahqiaoe 

Types 

Ainpaee 

Participants 

Permitted 

Aettva 

(a)  Aettva 

(b)  PHdveitwtaUin 
pennita 

(a)  Aettva 

(b)  Pnnlva  U  waattiar 
pamita 

FUihtPian 

Fliglit  plan  and  p(i« 
ATC  approval  nauiiod 

(a)  FUliit  plan  and  prior 
ATC  approval  nqulnd 
(or  aettva  partidpanta 

(a)  FU|bt  plan  and  prior 
ATC  approval  nquliad 
(or  aettva  partidpanta 

3 

1 

! 

(b)  FUgbt  Plan  but  no  ATC 
approval  laquiisd  for 
jmaht  parttebwnis 

(b)  FUibt  plan  not  laquiiod 
(or  paniva  partidpanta 

f 

ATCDaU 

UanOty,  poaltion,  and 
attiiudv 

•iepnty,  podtton,  and 

Identity,  podtion,  and 
altibide 

Communications 

Two-aray  communlca- 
doos,  difital  or  voiov 

Tvvo-way  oommunlcattons, 
dliltal  or  vote 

Two-way  eommunieationa, 
at  least  voiea 

ATC  Service 
Provided 

ATC  profidaa  aapan- 
tton  anviov  bvtnnm  aO 
aetivv  partidpanta  (La., 
all  atraalt  in  this  air- 
mace) 

ATC  provMoa  wpacatton 
wrvler  bate  ran  aD  aettva 
parUcipanta  and  batwaan 
aettva  parttdpanta  and  par- 
dva  paittdpanti.  ATC  pto- 
vidaa  tralBc  adrimiaa  to 
paattva  partidpanta  to 
aaM  them  In  tfasb  las- 
ponAUty  to  nutatain 
lapatatton  batwaan  tbam- 
nivas  and  oHiar  paadva 
partidpanta 

ATC  ptovidca  aapaiation 
aarvice  between  aD  aettva 
partidpanta  and  between 
aettva  partidpanta  and  pae- 
ahre  paiticqiants.  Faaalve 
parttdpanta  are  laaponaUile 
(or  aapaiation  between 
tbamaeivea  and  otfaar  pan- 
dva  paittelpanta. 
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RBOOIIMENDATIOM  3 


Openttonal  control  Aoukl  ranain  the  ic^  pnrogi^tiw  ot  flic  airataft  operator.  To  aviat 
thia  Auction,  aitbrnne  and  ground  digital  communicationa  ayatena  riiould  be  compatible 
with  <q>entional-control  requinnienta. 


While  ttie  ayatem  will  lequiro  diac^dine,  it  diould  not  uauip  tite  operaton*  jurWUction 
over  dedaion-making  commonly  known  aa  operational  control.  Bach  operator  haa  the  beat 
underatanding  of  hia  own  needa,  and  any  attmapt  to  aumhle  in  the  gytUm  the  equivalent 
of  operaton’  vaat  atore  of  knoiriedge  would  be  practically  impoaaible.  Much  of  die 
information  needed  by  the  Air  Traffic  Management  ayatem  ia  alao  needed  by  the  uaer  for 
operationaircontrol  purpoaea,  and,  conaequendy,  diouhl  be  eaaly  obtainaMe  by  him 
dirou^  automatie  means.  In  ahort,  to  avoid  ezpenaive  duidkation  of  equipment,  the  qfatem 
dwuld  be  designed  to  have  aa  much  technical  commonality  with  the  uaeta’  operational- 
control  tyatema  aa  ia  practicable. 


RBOQMMBNDATION  4 


Predetermined  and  segregated  flight  paths,  with  associated  arrival  and  departure 
facilities,  diould  be  established  where  necessary  for  accommodating  aircraft  with  different 
operational  charactwistica,  sudi  as  q;>eed  range,  fuel-consumption  rate,  climb  and  descent 
rates  and  angles,  and  runway-length  and  -strength  requirements. 

DigcuMkNi 

Even  now,  handling  mixed-performance  traffic  in  congested  terminal  areas  constitutes  a 
serious  probtem,  but  the  inevitable  and  ever-increasing  use  of  VTOL  and  STOL  aircraft  in 
megspolitan  areas  emphasizee  that  the  measures  proposed  in  Recommendation  4  are  needed 
to  ensure  that  widely  varying  typee  of  aircraft  are  operated  widi  safety  and  efficiency.  A 
highly  accurate  three-dimensional  navigation  system  coiqiled  with  better  methods  of 
prooeasing  and  displaying  navigational-guidance  informatkm  is  needed  so  that  the  tli^t 
paths  can  be  flown  independently  and  widi  sufficient  precision  to  enable  separation 
standards  to  be  reduced  significantly.  This  will  permit  more  efficient  use  of  existing  airports 
and,  as  additional  STOL  and  VTOL  landing  areas  become  avaSaUe  throu|d>out  megspolitan 
areas,  will  ease  (a)  the  increasing  demand  on  existing  jetporta  and  (b)  the  tnoblem  of  finding 
real  estate  for  additional  jetymts  near  the  hearts  of  tire  cities. 

RBOOMMEmATlON  S 
Recommendation 

All  aircraft  that  come  under  the  active  jutsdiction  of  ATC  or  that  will  seek  service  from 
ATC  should  be  equtyped  with  such  devices  as  will  enable  ATC  to  function  effidentiy  for  the 
particular  conditions  involved.  This  is  not  to  say  that  all  aircraft  must  be  equipped  equally, 
but  that  eadi  aircraft  must  be  able  to  pmform  as  required  by  the  system. 
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This  ncmmiieiidatton  gupplwnimti  the  ainpaue  itiuctun  wtcommenditioM  of  B«omn- 
menditfawu  2  and  4.  It  ncoffiisaa  the  ptactieal  need  to  keq;>  the  “price  of  admiMtnn"  to 
oontiolled  ahapece  aa  low  aa  portbla  hi  the  inteteata  of  a  laige  lection  of  the  ariathm 
coBimiinity,  but  hnpneae  an  ohMgatton  on  eveay  participant  to  meet  necaMaiy  eqiiipinent 
and  pflotiKoflciaicy  rtandaida  for  the  particular  enehonment  in  which  he  paopoeea  to 
opente. 


SBOtnillBNDATION  6 


The  configuration  of  the  atapaee  atnietine  diould  be  capable  of  being  modified  laiddly 
to  acocmunodate  variable  conditioaa,  audi  aa  air  tndClc  denaty>  apecial  needa  for  diort4em 
reaerved  Uocka  of  ahapace,  (W  meteorological  anomaUea. 


Configuration  flexibility  diould  be  inherent  in  die  ATC  qratem  to  proride  for  efficient 
uae  of  the  ah^iace  by  die  varioua  riaiaiir  of  uaera.  While  it  ia  recognised  that  it  ia  derirable  to 
a|ipty  a  certain  amount  of  rigidity  to  the  airspace  atructure,  the  ATC  ayatem  diould  he 
capable  of  accepting  diangea  by  aiinple  aeiecdon  proceaaea.  Ap|dicadon  of  nich 

cfajmgM  should  be  controlled  proceduraiiy. 

BEfXHilfENDATION  7 


The  ayatem  diould  enable  an  operation  to  be  planned  and  executed  on  the  basia  of  an 
accurate  landing  time’s  bemg  allocated  in  tetpoiue  to  a  flight  plan  and  diould  enable  this 
time  to  be  adpiated  quickty  and  efficiently  to  meet  unforeseen  drcumatances. 


Arrival  times  of  aufficimit  reliability  to  permit  the  traveling  public  and  the  operators  to 
plan  theh  acdrides  efficiently  are  raeriitiil  Adiievement  of  diis  reiiatnlity  imidies  more  user 
adMiscipline  in  the  form  of;  (a)  precoordination  to  aaaiiTO  better  utilisation  of  the 

runway/time  availability,  (b)  tTnm«rii«t»  advice  to  the  system  of  any  changes  in  fli^t  plans, 
both  prior  to  depvture  and  throughout  the  flight,  and  (c)  acceptance  of  die  foct  that 
operating  and  acbeduling  pracdces  must  be  adjusted  to  less  than  tyitimum  levels  on 
occasion.  It  also  impUea  the  existence  of  an  air  traffic  management  qratem  that  is  ctywUe  of 
handling,  without  excessive  delay  or  other  penalty  to  the  user,  the  immense  amount  of 
continuoudy  dianging  data  affecting  arrival  times.  It  is  realised  that  a  very  limited  amount 
of  airborne  holding  probably  arill  be  necessary  in  very-high-density  terminal  areas  to  insure 
diet  capacity  ia  fully  utilised  at  all  times.  The  better  planning  made  possible  by  reliable 
arrival  times  will  more  than  adequately  compensate  the  users  for  the  cost  of  such  bolding. 


RECOMMENDATION  8 


AU  routine  ATC  functions  —  induding  at  least  planning,  monitoring,  conflict 
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prediction,  and  avoidance  —  ihould  be  handled  by  a  luitably  conatnicted  and  programmed 
data  proceaaoi,  with  the  human  air-tzaffic  controller  exerciaing  only  a  Mperviaory  function. 

Oiaca«fcMi 

A  nuQor  weaknem  in  today's  ATC  system  is  the  inability  of  manual  control  practices  to 
handle  efficiently  the  current  traffic  volume  in  congested  areas.  Adding  more  controllers 
and  segmentation  of  airspace  as  traffic  builds  up  merely  compounds  the  problem  by 
genenting  unacceptable  difficulties  in  coordination  and  communications.  Modern  com¬ 
puters,  however,  can  be  programmed  to  i»ocess  and  communicate  at  high  speed  the  vast 
quantity  of  information  involved.  Tfaoefore,  widespread  automation  coirstitutes  the  only 
feasible  nMthod  of  handling  the  diverse  and  ever  mounting  volume  of  air  traffic  predicted 
for  the  years  to  come.  Traffic  controllos  should  be  relieved  of  all  routine  functions  and  be 
required  to  diacha^e  o^  those  duties  for  which  human  judgment  can  be  utilized  best. 
Con^uent  reductions  in  woritload  and  stress  will  lead  to  more  efficient  operataoiu  and 
considerable  economies  in  operating-system  costs. 


RECOMMENDATION  9 
Becommeiidation 

Hie  responsibility  for  navigation  diouk)  rest  ivitii  the  pilot,  who  should  have 
three-dimensional  navigation  guidance  sufficient  to  permit  him  to  conduct  this  task  within 
the  allocated  designated  airspace.  The  responsibility  for  safe  and  expeditious  flow  of  traffic 
should  rest  with  the  ATC  service,  and  this  service  should  be  baaed  on  accurate  and  reliable 
threedimenaiqnal  position  and  identify  information  for  all  aircraft  of  concern.  There  is  a 
need,  then,  for  a  sin^  overall  system  of  p>OBition  determination  that  has  sufficient  accuracy, 
leliabilify,  and  integrity  to  serve  both  the  aircraft  and  ATC. 

Oiacuasion 

In  today’s  ATC  system,  the  controller  generally  uses  radar-derived  position  information 
to  carry  out  his  function.  Also,  because  of  limitations  in  the  existing  airways  structure  based 
on  VOR  radials,  radar  is  used  extensively  as  a  navigation  tool  to  provide  vectors  for  the 
pilots.  This  system  requires  excessive  workload  for  both  pilot  and  controller  and  also  uses  an 
inordinate  number  of  communications  channels,  which  are  in  diort  supply.  The  navigation 
system  of  the  future  may  depend  on  ground-,  satellite-,  or  air-derived  information,  or  on  a 
combination  of  these.  It  should  be  designed  as  a  complete,  reliable,  and  accurate  system  to 
monitor  the  progress  of  the  aircraft.  Aircraft-position  information  required  by  the  pilot  and 
the  ATC  system  to  carry  out  their  reqiective  functions  are  identical,  since  mid-air  collisions 
only  occur  vdien  two  aircraft  are  navigated  to  the  same  point  in  q>ace  at  the  same  time.  A 
common  system  of  position  determination  automatically  communicated  in  digital  form  to 
the  prouiid  represents  the  most  economical  and  efficient  means  of  satisfying  both 
requirements. 


RECOMMENDATION  10 
Recommendation 

The  system  should  include  a  csyiabilify  for  the  ground  data  processor  to  obtain 
automatically,  without  human  intervention,  and  at  all  times  from  gate  departure  to  gate 
arrival  the  identify,  position,  and  altitude  of  aircraft,  so  that  it  can  handle  all  traffic  with 
optimum  efficiency  and  safety. 
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OiMUHioD 

This  recommendMtion  —  and  several  others  —  is  based  on  automatic  air/ground/air 
digital  communications.  Out,  off,  on,  and  in  times  are  required  to  assist  in  the  control  of 
airport  ground  traffic,  and  to  obtain  statistical  data  concotung  system  efficiency. 

RECOMMENDATION  11 
Recommendatioii 

The  system  diouki  enable  the  pilot  to  communicate,  via  a  suitable  input  device  and  the 
digital  commtuiications  system,  pertinent  routine  messages  to  ATC  and  operational  control. 
Additionally,  all  ATC  instructions  necessary  to  maintain  a  safe  and  efficient  traffic  flow 
should  be  generated  by  the  data  processor  and  transmitted  automatically  to  the  aircraft. 
Voice  communications  should  be  retained  and  reserved  for  qrecialized  and  emergency 
purposes. 

Discussion 

Replacing  routine  ATC  voice  communications  by  a  digital  communications  system  arill 
improve  safety  and  efficiency  and  effect  a  mqjor  reduction  in  pilot/controller  workload. 
Further  advantages  are  the  elimination  of  errors  due  to  a  fundamental  lack  of  clarity  in 
voice  communications,  the  ability  to  exchange  information  at  a  faster  rate  between  the  air 
and  ground  subsysterru,  the  ability  to  store  information  in  hard  copy  or  by  a  similar  ^stem 
of  recording  essential  information,  and  consoving  the  use  of  the  frequency  spectrum. 
Speedy  and  reliable  distal  communicatioiu  facilitate  automatic  updating  of  information 
essential  to  efficient  flq^t  operations  and  ground  monitoring  of  traffic  progress. 

A  discussion  piq>er  on  communications  for  a  future  ATC  system  is  included  as 
Appendix  C. 

RECOMMENDATION  12 
Recommendation 

The  system  should  enable  the  aircraft  to  accept  and  carry  out  ATC  instructions 
automatic^y;  the  information  should  be  suitably  di^layed  in  the  cockpit  to  enable  the 
pilot  to  exercise  his  command  function. 

Discussion 

This  recommendation  arises  directly  from  the  need  to  reduce  workload  on  the  ground 
and  in  the  air  and  to  eliminate  utmecessary  time  lags  in  reqronding  to  system  demands. 
Instructions  to  the  aircraft  from  the  ATC  data-processing  system  should  be  sent  via  the 
ground/air  digital  communications  system.  These  instructions  should  direct  the  aircraft, 
through  its  airborne  computer  and  navigation  system,  to  proceed  to  a  defined  point  in 
space.  As  a  preliminary  step  toward  the  ultimate  objective  of  a  fully  automatic  system,  the 
aircraft  could  be  guid^  manually  by  the  pilot  after  receiving  the  ATC  instructions.  In  both 
manual  and  automatic  modes,  the  pilot  must  be  kept  fully  informed  so  that  he  can  exercise 
his  command  reqronsibilities  and  be  able  to  accept  or  reject  the  instructions  in  the  interest 
of  safety  or  in  the  event  of  a  malfunction. 
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REC»MMENDA'nON  13 
Recommendation 

The  syitem  ahoukl  enable  the  pilot  to  navigate  along  any  operationally  desinhle  lli^t 
path  vrith  the  accuracy  needed  to  cos^sly  widt  both  ATC  and  opoational  lequirementa. 

IMacuaaioQ 

Airborne  computera  provide  the  pilot  with  the  ability  to  follow  any  twedetermined 
track  from  takeoff  to  arrival,  with  external  reference  aida  providing  only  aenaory  inputs  to 
the  computer.  Consequently,  the  complete  navigation  function  can  be  performed  from  the 
cockpit,  and  ATC  can  revert  to  ita  purpose  of  monitoring  traffic  movement  to  provide 
separation  service  and  organize  an  exp^tious  flow  rate.  The  impending  importance  of 
being  able  to  follow  tiiree-dimenaional  flight  paths  and  make  curvilinear  ai^iroadies  end 
dqrartures  renders  it  necessary  also  to  feed  alti^e  infomation  into  the  airborne  computer, 
which  can  then  provide  the  pilot  with  the  direct  guidance  to  fly  sudt  fli(^t  paths.  This 
ability  is  particularly  important  to  the  success  of  VTOL  and  STOL  opmations,  atMl  will 
provide  an  additional  separation  ingredient  for  use  by  the  ATC  system.  A  suitable  method 
of  storing  in  the  airborne  computer  ail  the  information  needed  to  carry  out  a  complete 
flight  from  gate  departure  to  gate  arrival  should  be  developed  to  reduce  workload  atui 
increase  efficiency. 


RBOMIMEaiDATION  14 
Recomaaendsdion 

The  system  diould  permit  the  use  of  an  airborne  guidanceand-contiol  system  that 
displays  to  the  pilot  in  teal  time  all  the  information  necessary  to  his  command  function.  The 
following  information  should  be  diq>layed: 

*  Continous  geographical  position  of  the  aircraft  and  a  continuous  guidance  command 

'  ATC  clearance,  including  details  and  revisions  thereto 

'  Information  concerning  runways,  surface  wind,  RVR,  adverse  weather,  etc.  (available 
for  diq>lay  in  a  recallable  form) 

*  Information  on  pertinent  traffic  (displayed  in  three-dimensional  form) 

IRacuarioa 

The  features  described  in  this  recommendation  are  necessary  to  achieve  the  fli^t 
precision  essential  to  the  most  efficient  use  of  available  taapaxx  in  congested  areas.  A 
suitable  diq;>lay  solves  the  pilot’s  orientation  problems  and  eliminates  the  need  for  controller 
vectoring.  The  visual  diqrlay  of  eaaential  flight  information  will  reduce  workload  and 
promote  efficiency.  Displaying  the  relative  porition  of  adjacent  traffic  will  enable  the  pilot 
to  monitor  separation  and  help  maintain  a  high  flow  rate  in  congested  areas.  Reseuch 
should  be  directed  toward  developing  an  integrated  cockpit  display  that  enables  the  pilot  to 
carry  out  his  re^nsibilities  for  guidsuice  and  control  with  the  necessary  precision. 
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aBOOMMBNCATION  16 


To  incfatM  qritan  c^wcity,  modem  tedinology  diould  be  uwd  to  reduce  eepantion 
■tendode,  condetent  wMi  mJMy. 


Dheumkm 

The  cmMcity  of  a  aiiigle  flight  path  carrying  traffic  in<tiail  is  directly  peopoftional  to 
ibe  edodty  of  dw  aiictaft  Ouou^  dw  ayatem  and  invenely  paopotdonal  to  dte  aepvatioB. 
Since  vdodty  ia  conatraiiMd  either  by  airciatt  pufoimanoe  atandarda  or  eccoomy  meaaurea, 
aeparadon  ia  dte  maior  candidate  for  redetannination.  The  current  a^Noation  atandaida 
were  adopted  radier  arbittatily  baaed  on  die  Umitationa  of  die  exkting  ipound  and  airb(»ne 
qratem.  Thia  recommendadon,  therefore,  ia  predicated  on  the  ability  of  current  technology 
to  inqnore  detection  reaolution  to  a  point  that  aeperation  atandaida  can  be  reduced 
aignificandy  without  aacrificing  acceptable  levela  of  aafefy. 

Separation  ia  limited  fundamentally  by  the  pbyaieal  aiae  and  the  operating  ehaiacter- 
iadca  of  the  aircraft.  To  there  baaic  Umitationa  muat  be  added  a  lector  to  account  for  the 
uncertainty  aaaociated  with  impredaion  in  navigation  accuracy,  which  ia  a  function  of 
ability  to  detect  diatance  diqilacement,  velocity,  and  acceleration.  Coupled  with  the 
minimum  diaplacement  aenaitivitiea  ia  the  aircraft/pilot  ayatem’a  reaponae  time  required  to 
reat<»e  the  aircraft  to  a  preacribed  poaition  iriien  a  drqdacement  eittw  baa  been  detected. 
The  ability  of  the  aircraft  to  maintain  preacribed  fli|^t  patfaa  ia  a  further  limiting  factor.  The 
aircratt/pilot  ayatem  ia  influenced  by  auch  external  agenta  aa  air  turbulence  and  wind,  which 
may  cauae  excuraiona  beyond  a  jneacribed  route  and  tfaua  introduce  perturbationa  that 
exceed  the  ^atem’a  capability  to  reqmnd.  Theae  perturbationa  muat  be  conaidered  in 
aeparadon  calculationa. 

An  automated  ATC  ayatem  will  make  greats  uae  of  automatic  flight  control.  Tbia  will 
ipeed  ayatem  teqponae  and  tfaua  increaae  the  preciaion  of  aircraft  control.  The  faater 
reaponae  wiU  decreaae  the  magnitude  of  abaohite  correction  needed  and  thua  permit  cloaer 
control,  atm  within  the  limita  of  paaaenget  comfort.  The  more  preciae  control  afforded  by 
an  automated  ayatem  ia  furths  juatificadon  for  aeparadon  reduction. 

The  real-time  ayatem  monitoring  affsded  by  a  computer-baaed  ATC  ayatem  should 
furtfas  decrease  separation  requirements.  The  continuing  poaition  inputs  firom  each  aircraft 
under  jurisdiction  will  enable  the  conqputer  to  detect  possible  conflicts  more  rapidly  and 
thua  afford  much  greats  leqionae  times.  Response  time  that  is  found  to  be  in  excess  of 
safety  critsia  may  be  converted  to  an  increment  of  separation  reduction. 

Development  of  separation  standards  muat  consids  the  increased  capacity  that 
elements  of  the  system  muat  accept  if  tai^s  density  ia  adiieved;  airport  capacity  and  the 
cqweity  of  the  ATC  ayatem  must  be  evaluated  carefully  to  assure  compatibility. Finally,it 
vrill  be  necessary  to  revise  the  govsning  rules  and  i»oc^ures  to  take  full  advantage  of  any 
separation  reduction  realised. 

In  summary,  improved  navigation  accuracy  and  automation  in  aircraft  and  ground  ATC 
subsystems  can  be  used  effectively  to  decreaae  the  separation  standards  now  in  use  by  ATC. 
More  efficient  use  of  airqwee  is  essential  to  the  proper  development  of  the  necessary  flight 
paths  and  landing  areas  for  all  types  of  aircraft  that  will  be  operating  in  congested  areas. 
This  increased  efficiency  will  increaae  significantiy  the  ciqwcity  of  the  ATC  system. 
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RECOMMENDATION  16 
RMomnMiidatiaa 

TIm  orttem  dioukl  be  capeUe  of  handling  aaciaft  that  are  equipped  with  an  aiiboine 
guidanoe-and<ontR>l  ay*Mm  for  operationa  to  and  bom  wiitahle  ninwajv  on  ail  dartred 
aiiporta  under  all  operational  weather  creiditiona. 

Dtacuarkw 

Efficient  and  continuoua  operation  on  the  baaia  of  planned  landing  tinaea  iriB  not  be 
poaaible  unleaa  all  runways  can  be  used  under  all  operational  weather  condidona.  This  does 
not  imply  that  ground-baaed  {veciaion'eqtproadi  aids  are  required  for  all  runaraya;  it  does 
mean  that  runways  lacking  such  aida  murt  be  put  to  m«rtmiim  um  to  c^timiae  traffic  flow. 
Imidementation  of  this  recommendation  will  require  navigation  systems  that  adapt  to 
curvilinear  atqnoadies,  e.g..  while  one  aircraft  is  approaching  siraight-in  to  a  ptecision- 
^>proach  runway,  another  curved  approach  could  be  conducted  to  another  runway  with 
inoper  separation  and  qw '  ng  for  landing. 

niia  recommendation  is  related  to  an  airborne  guidance-and-control  sjrstem  that  insures 
a  smooth  and  continuoua  transition.  Today’s  system  does  not  allow  efficient  operatkm  to  all 
suitable  runways  tmder  all  operational  wreither  conditions,  even  with  all  approadi  aids  on 
the  ground  operating  normally.  Due  to  the  tack  of  backup  in  the  current  system,  any  outage 
inevitably  will  slow  up  the  landing  rate,  cause  traffic  congestion,  reduce  airport  utilization, 
and  may  generate  a  need  for  traffic  divwaions. 


REC»MMBNDAT10N  17 
Reeommeiidatkm 

Sufficimt  psopedy  designed  airports  and  associated  tacilitiws  dtould  be  provided  to 
keep  pace  with  the  forecasted  increase  in  all  forms  of  air  traffic  and  fire  more  efficient  use 
of  airqMoe  ezpected  from  the  future  ATC  system. 

Disnission 

Airports  and  associated  facilities  are  an  essential  part  of  the  air  traffic  management 
system.  Deficiencies  in  ATC  or  airport  organization  will  have  a  significant  effect  on  system 
capacity.  Because  final  limitation  to  traffic  growth  is  the  cigMcity  of  the  available  runways 
in  instrument  conditions,  ATC  development  diouki  be  plaiuied  to  serve  those  runways  at 
the  mifrimiiiTi  mte.  A  suitable  coiiq)lex  of  aifports  of  all  required  types  must  be  planned  to 
serve  the  community’s  aviation  intesests  and  those  of  the  traveling  public. 

All  aspects  of  airport  design  diould  receive  adequate  attention.  In  particular,  methods 
of  adiieving  mazimum  runway/tazhnqr  usage  and  of  implementing  new  configurations 
ctpable  of  handling  the  denred  volume  of  traffic,  including  closer  (pacing  between  parallel 
runways,  should  be  devised.  Usable  gate  qpace  is  an  important  element  of  airport  design  and 
should  always  be  given  full  consideration. 

Current  runway-occupancy  times  at  major  airports  are  too  high.  The  precision  with 
wfakdi  aircraft  can  be  predicted  to  arrive  at  the  tfaredhold  and  the  ipeed  with  udiidi  die 
runway  can  be  vacated  govern  the  number  of  aircraft  that  a  given  runway  can  handle. 
Consequently,  an  improvement  in  hi^-spend  exits  and  in  runway  entrance  systems  oqrable 
of  b^ng  used  by  future  large  transport  aircraft  is  desirable. 
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RECOMMENDATION  18 
Recmuncndation 

There  should  be  a  standard  automated  airport  surface  guidance-and-control  system  for 
routing  and  controlling  all  traffic  on  the  operational  areas  of  the  airport  surface.  Such  a 
system  should  provide  its  position  information  and  guidance  commands  in  a  manner  suitable 
for  integration  with  the  aircraft’s  guidance^d-control  system. 

The  system  should  function  equally  well  in  low  visibility  or  good  visibility,  at  day  or  at 
nil^t,  and  during  snow,  slush,  or  rainy  conditions.  It  should  h  a  the  following 
characteristics: 


‘  Serve  all  runways 

'  Serve  all  taxiways 

'  liead  to  or  from  pariung  areas,  hangata,  gates,  or  loading  areas,  but  not  be  required  to 
function  within  these  areas 

'  Be  properly  integrated  with  the  ATC  system  for  the  exchange  of  pertinent 
information 

'  Not  rely  on  voice  communications 

•  Be  installed  at  major  airports 

Diacuasion 

The  problem  of  handling  aircraft  and  vdiicles  on  the  surface  of  a  bus.  airport  is  often 
ne^ected.  The  task  involves  routing  of  traffic  to  establish  proper  flow,  and  clearances  or 
instructions  to  avoid  traffic  conflicts  or  collisions. 

Even  during  the  best  of  weather  conditions,  and  eq>eciaUy  at  ni^t,  it  is  sometimes 
difficult  for  pilots  to  identify  visually  the  pertinent  taxiways  or  complicated  routin' 
prescribed  by  “ground  controllers”  in  voice  communications.  As  traffic  volume  ai  c 
traffic-movement  rates  increase,  the  tempo  of  voice  communications  increases,  which 
aggravates  the  situation.  Sometimes,  when  the  workload  exceeds  the  capability  of  one 
controller,  the  function  is  handled  by  two  controllers  —  each  using  a  different 
communications  diatmel.  This  necessitates  channel  changing  in  the  cockpit  if  the  aircraft 
proceeds  from  one  controller’s  area  of  juriadiction  to  another. 

In  many  instances  the  complete  airport  movement  area  cannot  be  seen  by  the 
controller,  sometimes  because  of  intervening  structures,  and  sometimes  because  of  low 
visibility  weather  conditions.  Visual  perspective  is  hampered  by  long  distances.  As  airports 
grow  larger,  the  limitations  of  visual  control  are  amplified 

While  the  number  of  airport  maintenance  vehicles  on  active  taxiways  and  runways  is 
generally  held  to  a  minimum,  larger  airport  complexes  will  necessitate  the  use  of  more 
vdiicles  to  keep  abreast  of  routine  maintenance.  Control  and  routing  of  these  vehicles  must 
be  maintained.  Additionally,  emergency  vehicles  mast  find  their  way  or  be  guided  to 
emergency  scenes,  while  other  traffic  is  instructed  to  give  way. 

The  current  system  is  barely  tolerable  and  it  will  become  increasingly  more  limiting.  An 
efficient  automat^  airport  surface  guidance-and-control  system  will  reduce  pilot  and 
control-system  workload,  increase  airport  capacity,  and  improve  saiety. 
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RECOMMENDATION  19 
Recommeiidation 

Actual  weather  infonnation  and  significant  in-flight  weather  rep<»rts  diould  be  entered 
rapidly  and  automatically  into  the  ground  data  processor  to  assist  the  ATC  planning 
function. 

Diacusskm 

Severe  weather  phenomena,  such  as  thunderstorms  and  their  associated  turbulence  and 
other  fli^t  hazards,  can  seriously  affect  the  cigMbility  of  the  ATC  system,  because  of  user 
requirements  for  rerouting,  increased  separation,  etc. 


RECOMMENDATION  20 
ReccMiHiiendatioii 

The  ATC  system  should  be  capable  of  continuing  in  safe  operation  despite  bieakdowru 
in  individual  elements  of  the  system.  An  uninterruptible  power  system  must  be  provided  for 
all  ATC  elements  sensitive  to  power  fluctuations. 

Diacuaskin 

The  increased  dependence  of  ATC  on  automatic  control  will  require  appropriate 
reliability.  Sufficient  componmit  redundancy  to  provide  an  adequate  safety  level  and  to 
prevent  aerious  system  disuption  because  of  equipment  failure  either  in  the  aircraft  or  on 
the  ground  must  be  provided. 


RECOMMENDATION  21 


The  effecthreneas  of  the  ATC  system  should  be  monitwed  continously  to  enable 
corrective  actions  to  be  undertsdren  promptly.  Daily  summary  performance  data  riiould  be 
available  to  system  users. 

Discussion 

Currently,  die  FAA  maintains  only  cursory  and  general  records  of  ATC-associated 
delays.  These  are  insufficient  for  measuring  the  performance  of  the  system.  Various  airlines 
collect  a  variety  of  delay  infonnation,  but  only  a  portion  of  sudr  data  ever  reaches  die  FAA. 
Even  then,  diere  is  no  organized  plan  for  use  of  this  material  on  a  continuing  basis. 
Conaequendy,  thoe  is  no  accurate  ovwall  delay  data  that  represents  impact  on  the  total 
aviation  indukzy. 

Current  traffic  counts  and  hourly  traffic  data  acquired  manually  by  FAA  control-tower 
personnel  require  tremendous  manpower  and  often  fail  to  diow  the  necessary  breakout  of 
user  categories.  Such  data  are  essential  for  assessing  system  effectiveness  and  must  be 
available  on  a  daily  basis. 
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CHAPTER  rOVIt 

SY81SM IMPUCATIONS  OF  THE  BEOOMMENDATIONS 


Hie  recomnMndatioiu  in  Chapter  Three  were  drawn  «q>  by  the  ATCSPG  to  give 
guidance  on  the  manner  in  which  the  future  lyatem  diouhl  be  planned  from  an  (q>eraticn>al 
stan^mint.  In  the  Group’s  opinion,  use  of  the  systems  sq^voadi  that  has  been  employed 
successfully  in  military  and  space  programs  is  mandatory  if  a  satistectoiy  long-term  solution 
to  one  of  the  most  complex  and  difficult  probtems  of  this  age  is  to  be  reached.  There  is  no 
apparent  alternative  to  the  full  application  of  automation  on  the  ground  and  in  the  air,  with 
humans  undertaking  a  passive  and  supervisory  role.  Airiine  managements  are  well  aware  of 
the  cost  and  difficulty  of  developing  aitd  implementing  real-time  computer-controlled 
systems  su<fr  as  those  now  used  in  many  of  their  reservations,  communications,  and 
flight-operations  departments;  at  the  same  time,  they  are  aware  of  the  reductions  in 
manpower  and  increased  efficiency  adtueved  by  sudr  systems.  The  reasons  fmr  applying 
computer-based  date  processing  to  thme  systems  are  similar  to  those  that  now  prompt  the 
ATCSPG  to  recommend  that  the  future  ATC  system  use  this  type  of  data  processing  on  a 
grand  scale.  There  ate  two  distinctions  to  be  made,  however:  (1)  tire  ATC  system’s  needs  are 
fiur  more  pressing  than  were  ttiose  of  the  other  systems  mentioned,  and  (2)  in  the  ATC 
system,  there  can  be  no  compromise  with  reliability  or  integrity,  since  one  of  the  system’s 
esaential  services  is  the  provision  of  safety. 

It  is  realized  that  certain  details  of  the  very  sophisticated  airborne  guidance-and-control 
system  that  is  advocated  may  be  difficult  to  design,  even  in  this  era  of  advanced  tedmology. 
Small  solid-state  computers,  linked  directly  to  the  aircraft’s  automatic  fli^t-control  systmn, 
win  be  tile  operational  heart  of  the  airborne  subsystem.  At  hi|d>  speed  and  in  real  time,  they 
win  ptoceas  instructioiu  from  the  ground  coniputer  system  and  navigational  data  Atom 
appropriate  sensors,  and  actuate  integrated  cockpit  diqilays  required  by  tiie  pilot.  Integrated 
diqilays  that  provide  the  pilot  with  aU  ti;>.  data  need^  for  his  command  function  wiU 
become  increasingly  important  as  the  airborne  subsystem’s  capability  is  developed.  There  is 
a  real  need  for  imaginative  design  efforts  in  this  very  important  field.  Airborne  computers 
and  ground  computers  will  communicate  directly  with  eadi  otiier  via  a  digital  data  link,  and 
pilots  will  be  able  to  communicate  with  eitiia  computer  through  a  suitable  input  device. 
The  very  promising  poaition-detennination  system*  that  will  use  satellite  technology,  the 
time-frequency  techniques  being  consideied  for  CAS  qqiHcation,  and  the  variety  of 
trilateration  systems  being  discussed  tiiould  be  studied  thorou^y  and  a  Government 
decision  reached  on  the  most  suitable  methods  for  rqiladng  existing  navigation  systems  and 
primary  and  secondary  radar  systems  to  meet  future  requirements  of  all  airspace  users,  both 
civil  and  military. 

The  reqwnsibility  for  navigation  tiiould  rest  with  the  pilot;  the  responsibility  for 
organizing  a  safe  and  expeditious  flow  of  traffic  should  rest  with  the  ATC  controller.  The 
exercise  of  both  te^ionsibilities  requires  reliable,  accurate,  and  continuous  aircraft-position 
determination  in  both  the  horizontal  and  the  vertical  plmes.  The  degree  of  accuracy  and 
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continiiity  lequired  by  the  pilot  and  the  contioUer  ii  •  function  of  the  denied  iqMntion 
standaids,  and  must  enable  tfaoae  itandarda  to  be  applied  in  a  Mfe  fadiion.  To  bold  to  a 
minimum  the  coet  of  opentin^  an  efficient  and  Mfe  ATC  ayitem,  a  aingie  ayatem  of  poaition 
deteimination  tiiat  aeivea  the  lequiranenta  of  both  j^ot  and  contioUer  diould  be  uaed. 

The  ability  to  meaauie  accurately  the  vortical  diatanoe  between  a4iacent  aircraft  and  to 
improve  altitude  meaaurement  riiould  be  aou^t  vigorously.  To  accomodate  amaU,  private 
aircraft,  a  li^tweii^t,  low-coat  aiibome  beacon  diould  be  developed,  ao  that  at  leaat  the 
identity,  altitude,  and  poaition  of  every  aircraft  in  controlled  aiiapace  can  be  obtained  on 
the  ground.  To  reduce  landing  and  takeoff  conatiainta  impoaed  by  reduced  viaibility,  better 
operational  capability  muat  be  souj^t;  aircraft  operationa  diould  be  aegregated  according  to 
aircraft  performance  diaiacteristics,  claM  of  ATC  aetvice  required,  and  equ4>ment  aboard 
the  aircraft.  To  uae  aiiapace  economically  and  all  lunwaya  to  imiTimiim  capacity  in 
congeated  areaa,  a  multi^city  of  cloaely  q>aced  non-conflicting  flight  padu  must  be 
eatabliahed;  tfaeae  ahould  be  Ljaed  on  effective  coordination  of  uaer  inteieat  and  ayatem 
lequiiementa.  Hie  ability  to  foliow  auch  paths  and  to  meet  a  predetermined  arrival  time 
without  ezoeaaive  workload  for  the  pilot  or  ATC  controller  is  an  eaaential  element  of  the 
airborne  guidance-and-control  ayatem  advocated  by  the  ATCSPG. 

The  ground  ATC  aubayatem  will  function  around  a  data-proceaaing  complex  pro¬ 
grammed  to  receive  and  handle  all  the  data  required  to  monitor  the  traffic  flow  and  to 
generate  the  diqilays  and  information  needed  by  the  controller  in  his  new  aupervisory 
capacity.  The  ground  data  proceasor’a  information  concerning  the  poaition  of  individual 
aircraft  could  be  tianamitt^  automatically  to  airline  control  cmiters  for  planning  and 
pasaenger-infoimation  puipoaea. 

The  new  ATC  ayatem  ahould  be  deaigned  with  the  objective  of  placing  the  reqionaibility 
for  compliance  with  its  management  requirements  firmly  in  the  cockpit;  the  ground 
aubayatem  dioukl  be  concerned  only  with  planning  and  monitoring  the  tiafiSc  flow.  The 
ATCSPG  believes  that  the  disadvantages  accruing  to  the  operators  by  the  imposition  of  a 
greater  meaauie  of  discipline  will  be  outweighed  by  the  beneficial  increase  in  terminal-area 
capacity  and  the  establishment  of  multiple  enroute  fli(^t  paths.  The  latter  benefit  will  result 
in  significant  economies  in  fuel  and  time  because  of  optimum  aircraft  utilization. 

Airports  and  their  facilities  and  the  traffic  ciq>8city  of  the  airspace  must  receive 
balanced  consideration,  because  either  or  both  can  represent  the  final  limitation  on  traffic 
growth.  VTOL  and  STOL  aircraft  must  use  the  same  air  traffic  management  system  as 
CrOL  aircraft;  consequmiily,  the  future  ATC  system  must  meet  the  q)ecial  requirements  of 
these  aircraft. 

The  ATCSPG  is  well  aware  Aat  the  large  costs  involved  in  developing,  procuring,  and 
installing  airborne  equipment  may  be  so  hi^  that  airiine  management  may  decide  that  some 
of  the  recommendations  caiuiot  be  implemented.  However,  the  members  of  the  Group  are 
convinced  that  modern  technology  can  meet  the  requirements  of  the  airlines  and  other 
users.  They  feel  obliged,  therefore,  as  members  of  the  aidines’  operations  community,  to 
express  what  they  honertty  believe  to  be  necessary  if  the  aviation  industry  is  to  have  any 
chance  of  achieving  healthy  and  unrestrained  growth.  It  may  well  be  proven  that,  for 
economic  reasons,  such  growth  is  beyond  adiievement,  but  much  more  knowledge  and 
study  than  the  Group  is  qualified  to  apply  is  needed  before  the  economic  aqtects  of  the 
possible  future  systems  can  be  pitperly  assessed  aixl  management  decisiotu  reached.  On  the 
odier  hand,  the  ATCSPG  believes  that  the  consequences  of  continuing  the  policies  of  drift 
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that  ted  to  teat  wmmer’s  ak-tranaportation  debacle  may  be  mote  unacceptable  to  the 
aviation  induatry  than  bearing  its  share  of  an  acceptable  ATC  system. 

In  essence,  the  ATCSPG’s  recommendations  represent  a  broad  conceptual  description  of 
the  air  traffic  management  system  it  believes  Aould  be  developed  and  implemented  as  soon 
as  practicabte.  Every  effort  has  been  made  to  express  what  the  members’  experience  in 
operating  tranqwrt  aircraft  convinces  them  is  needed,  and  at  the  same  time  to  stay  away 
from  restricting  system  designers  by  suggesting  details  of  how  the  objectives  can  be  met. 
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CHAPTER  FIVE 
TOE  TOANSmON  PERIOD 


The  ATCSPG’s  recommendations  are  intended  to  describe  a  totally  new  system  of  air 
traffic  managonent,  but  the  practical  difficulties  of  introducing  all  the  elonents 
simultaneously  are  recognized  well.  For  many  reasons,  tiie  various  features  of  the  system 
should  be  int^uced  in  a  series  of  logical  steps  that  give  due  regard  to  providing  immediate 
benefits  to  the  traveling  public  and  the  operators.  It  is  particularly  important  that  the 
measures  required  to  improve  system  cs^sacity  be  planiked  in  a  manner  that  enables  ground 
and  airborne  subsystems  to  be  introduced  in  a  balanced  and  orderly  fashion.  Since  the  cost 
of  the  new  or  improved  equipment  and  the  cost  of  removing  large  and  expensive  iet  aircraft 
flrom  service  to  install  it  will  be  very  hi^,  it  would  be  unreasonable  to  expect  operators  — 
whether  airline,  civil,  or  military  —  to  undertake  the  expense  unless  there  were  known, 
tangible  benefits  to  be  derived.  Consequently,  not  only  must  there  be  a  realistic  assessment 
of  the  expected  advantages,  including  the  effects  on  safety  and  economy,  but  ground 
subsystems  must  be  operational  in  time  to  permit  operators  to  take  full  and  immediate 
advantage  of  the  ad^tional  capability  they  have  gone  to  the  expense  of  installing. 
Furthermore,  since  planning  modifications  to  a  fleet  of  modem  aira^  is  an  extremely 
difficult  project,  notice  of  ATC  requirements  involving  airborne-equipment  changes  should 
be  given  as  far  in  advance  as  possible. 

An  essential  element  in  the  introduction  of  a  computerized  control  system  is  the 
availability  of  an  automatic  digital  communications  system.  A  firm  recommendation  to  the 
FAA  that  planning  details  of  such  a  system  should  be  commenced  immediately  was  made  in 
March  1969,  after  approval  by  ATA’s  Operations  Executive  Committee.  Because  such  a 
system  will  require  international  endorsement,  almost  certainly  it  wiU  be  several  years 
before  the  ATC  system  will  be  able  to  use  it.  However,  airline  experiments  with  a  system  of 
automatic  digital  communications  for  operational-control  purposes  have  already  com¬ 
menced  and  will  provide  valuable  experience. 

The  greatest  benefits  to  operators  in  the  immediate  future  will  be  realized  from 
airport-facility  improvements  that  increase  ground  capacity  and  in  improvements  in 
navigation  c^mbility  brought  about  by  the  introduction  of  area  navigation.  The  latter 
improvement  will  be  realized  by  the  adoption  of  ATC  procedures  that  take  full  advantage  of 
the  flexibility  that  the  area-navigation  concept  offers  in  selecting  and  following  non- 
conflicting  fh^t  paths  in  terminal  areas  and  by  fuel  and  other  directoperating-cost  savings 
that  result  from  taking  more  direct  paths  in  the  enroute  phase.  To  implement  area 
navigation  (a)  an  airborne  computer,  (b)  an  appropriate  diq>lay  of  geogt^jhkal  position  in 
the  cockpit  for  pilot  orientation  purposes,  and  (c)  inputs  from  navigation  sensors  of 
adequate  accuracy  are  aU  that  are  necessary.  The  current  network  of  VORTAC  facilities 
ahould  be  used  for  area  navigation  but  it  must  be  improved  to  the  practical  limits  of  its 
capabilities.  It  is  desirable,  for  economic  and  practical  reasons,  that  existing  ground  and 
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airbome  equ^mient  be  uaed  until  end  unle«  the  need  f<»  an  inqpioved  guidance  qratem 
becomes  apparmt  —  Le.,  when  deficiencies  in  nasrigation  qrstems  paevent  aiiciaft  tom  being 
(qiented  with  the  ptedsion  xequiied  to  use  aitspnoe  and  anpoats  etficientfy. 

The  ATCSPG  recommends  that  abUne  management  give  serious  and  uxgent  conridet*- 
tion  to  the  develofmient  of  an  orderly  plan  for  an  economical  and  pat^terty  phased  t»oyam 
of  flightdeck  design.  Such  a  plan  dKwdd  be  baaed  on  the  ptobdde  necesrity  to  use 
area-navigation  routes  and  procedures  in  high-densify  areas  in  the  near  future.  It  diould  also 
facilitate  the  progressive  incorporation  in  logical  steps  of  all  the  iminovements  recom¬ 
mended  for  the  airbonie  aubeystem,  starting  tom  ttte  relatively  simple  requirements  for 
flying  area-navigation  routes  to  the  sophisticated  guidance-and-contol  system  that  the 
Group  believes  will  become  necessary  in  tire  years  to  come. 

The  FAA  tiiould  use  all  modem  f<xms  of  timiilation.  in  both  real  and  fast  time,  to 
ascertain  how  currmt  pnctiees  can  beat  be  revised,  without  lowering  safety  standards,  to  (a) 
inoeaae  system  oairecity,  (b)  reduce  dependence  <»  radar  vectocing,  and  (c)  reduce  route 
mileage  flovm  by  operators. 

The  haaard  of  mixed  VFH  and  IFR  traffic  in  marginal  weather  conditions  in  congested 
areas  is  cause  for  major  concern.  The  recommended  airspace  restructuring  was  devised  after 
very  long  discussion,  during  which  every  attempt  was  made  to  find  a  feasible  means  whereby 
aircraft  of  different  performance  and  equipment  standards  could  be  separated,  provided 
certain  fundanrental  ATC  requirements  were  met.  The  ATCSPG  strongly  urges  that  the  FAA 
take  immediate  action  on  this  very  inq>ortant  issue. 

The  neceasary  procedures  to  utilise  efficientiy  8TOL  and  VTOL  aircraft  to  obtain 
mavimum  benefit  tom  their  inherent  advantages  for  certain  purposes  dtould  be  dewdoped 
urgmtiy. 

The  csqrebilities  of  airbome  ATC  transponders  to  assist  ATC  during  tiie  transition 
period  should  be  exploited  to  the  fullest  extent.  The  idratity,  position,  and  altitude  data 
they  can  provide  is  a  major  factor  in  improving  today’s  manual  ATC  system. 

Pending  the  implementation  of  tire  fully  autommic  ATC  system,  it  is  essential  that 
energetic  action  be  taken  to  effect  all  possible  hnpsovements  in  today’s  manual  q^stem. 
Recommended  courses  of  action  indude  tire  extended  iise  of  computers  and  digital 
cmnmunications,  and  i»oviding  better  radar  equipment,  better  dtol*y*>  *  better  VORTAC 
system,  visual  airport  surface  guidance-and-coniiol  qrstems,  and  more  flexible  procedures. 

Airport  deficiencies  must  be  corrected  as  rqridly  as  possiMe  and  difficult  dedsiems  on 
tire  positioning  of  new  jetports  where  the  need  is  uigmt  must  be  tackled  with 
determination.  STOL  and  VTOL  ground  facilities  and  reliever  airpOTts  must  be  established 
as  requhed.  Current  plans  to  implement  improved  autmnated  vinial  runway  and  taxiway 
guidanoe  systems  diould  be  pursued. 

Daring  tire  period  of  transition  tom  the  current  ATC  system  to  tire  recommended 
systr  m.  the  following  stqis,  whidi  wun"!*’^  tire  foregoing  discussion,  diould  be  taken: 

1.  The  new  ATC  system  diould  be  introduced  in  a  series  of  logical  nd  orderty  st^ 
that  consider  cost  venus  advantages  to  be  derived  by  the  users  and  the  traveling 
puldic. 
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2.  Impleinentition  of  the  clemrati  of  the  qrftnn  miut  be  well  cooidiiiated  to  aeiuw 
maximum  compfianoe:  ample  lead  time  mutt  be  peovided  to  effect  a  wdl-planned 
inataUation  pra^am. 

3.  Opeiaton  who  undertake  the  expmiae  of  inatalUng  improved  airborne  equ^ment 
muet  be  amuied  that  auffident  opefatkmal  advantages  can  be  derived  bcmi  the 
additional  capability. 

4.  FAA  ahould  begin  immediate  planning  for  digital  communications  as  an  essential 
step  toward  an  automatic  ATC  system. 

5.  ATC  rules  and  procedures  must  be  modified  to  permit  aircraft  equipped  with  area 
navigation  to  take  full  advantage  of  this  capability. 

6.  The  current  netwoA  of  VORTAC  facilities  should  be  used  for  area  navigation  and 
must  be  improved  to  the  practicd  limits  of  its  capabilities. 

7.  Improvements  in  existing  airborne  VORTAC  equipment  must  be  made,  within 
practical  cost  limitations,  to  adiieve  peater  advantage  of  dte  qystem  concept. 

S.  Desirable  fli^Uleck  modificatkms  sssoriatert  with  new  anbrnne  navigation  and 
automatic  digital4»nununieationt  concepts  diould  be  detmmined. 

9.  The  FAA  dioukl  use  all  forms  of  simulation  in  both  teal  and  fast  time  to  ascertain 
how  current  practioes  can  beat  be  revised  to  increase  qrstem  capacity  and  efficiency 
without  lowering  safety  stsmdards. 

10.  Immediate  action  ahould  be  taken  to  restructure  the  airspace  to  permit  aircraft  of 
different  performanoe  and  equtyment  standards  to  be  separated,  inovided  certain 
fundamental  ATC  requirements  ate  met. 

11.  ATC  procedures  should  be  devrioped  to  utilise  efficiently  the  inherent  advantages 
to  STOL  and  VTOL  aircrafL 

12.  STOL  and  VTOL  ground  facilities  and  reliever  airports  must  be  ettaUUbed  as 
required. 

13.  The  capabniUea  of  current  ATC  trantyonders  and  automated  features  of  the  system 
diould  be  fuOy  develr^ied  to  inqaove  the  ATC  system. 

14.  Airport  deficiencies  must  be  corrected  npidly;  aggressive  action  diould  be  taken  to 
locate  sites  for  needed  new  airpmts  and  to  build  them. 

16.  Current  plans  to  implement  improved  autmnated  visud  runway  and  taziway 
guidance  systems  diould  be  pursued. 

In  condudon,  it  is  essentisi  that  action  be  taken  to  effect  all  possible  improvonents  in 
todsy’s  "MWMei  system,  pending  die  inqilementation  of  the  future  automated  tyttan. 
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CHAPTKRSa 
SYSTEM  IMPLEMENTATION 


If  the  potential  value  of  tfaia  leport  ia  to  be  leaUzed,  the  tecommendationa  it  contains 
must  be  tianslated  into  action  without  delay.  Many  of  today’s  problems  would  bave  been 
solved  long  ago  if  (he  recommendations  of  {nevious  reports  had  been  fully  implemented  in  a 
timely  manner.  For  a  satisfactory  orston  to  be  implemented,  the  steps  summarized  in 
Figure  1  H)pear  to  be  necessary.  A  possible  detailed  delineation  of  these  st^  is  presented  as 
Appendix  D. 


Figure  I.  ACQUISITION  PROCESS  FOR 
AN  ATC  SYSTEM 


This  report,  along  with  details  of  user 
requirements,  will  provide  a  basis  for  the 
initial  definition  of  ^stem  requirements. 
Government  review  and  subsequent  budget 
^>ptoval  will  provide  the  hacking  necessary 
to  start  system  development.  A  final  defini¬ 
tion  of  the  system  concept  and  subsequent 
user  review  will  be  required.  Action  can  be 
taken  then  to  begin  the  system  develop¬ 
ment  and  acquisition  process.  System  im¬ 
plementation  is  the  final  step  leading  to  a 
functioning  system.  It  is  estimated  that  the 
process  described,  even  if  performed  with 
maximum  efficiency,  would  require  ten 
years.  It  is  therefore  of  paramount  import¬ 
ance  that  all  concerned  pursue  the  program 
vigorously. 

The  ATCSPG  recommends  wide  dis¬ 
semination  of  this  report  to  all  the  relevant 
sections  of  Government  and  industry.  Be¬ 
cause  the  req>onsibility  for  operation  of 
the  ATC  system  is  by  statute  assigned  to 
the  Department  of  iWiqwrtation  (specif¬ 
ically  ttre  Federal  Aviation  Administrator), 
Government  agreement  with  the  recom¬ 
mendations  is  essential  if  they  are  to  be 
adopted,  tianslated  into  workable  plans, 
and  implemented  as  funded  programs  that 
satisfy  the  requirements  of  all  civil  and 
military  users  of  the  system. 
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The  ATCSFG  recognixe*  that  the  Department  of  Trtuiqmrtation  and  the  Federal 
Aviation  Administration  must  take  into  account  the  legitimate  needa  of  all  users  of  the 
airqMce.  Consequently,  conversations  took  place  in  April  with  the  Aircraft  Owners  and 
Pilots  Association,  the  National  Business  Aircraft  Association,  and  the  National  Pilots 
Association.  The  result  was  a  gratifying  measure  of  broad  agreement  expressed  in  a  joint 
statonent  by  these  general  aviation  organisations  and  ATA  (see  Appendix  E).  As  already 
mentioned,  representatives  of  ttie  military  users  and  the  FAA  participated  dhectly  in  die 
Group’s  work  and  made  many  valuable  contributicms,  lAich  are  included  in  this  rep^. 

The  ATCSPG  believes  that  the  airlines,  through  the  ATA,  should  seek  prompt  action  at 
the  highest  levels  of  the  Department  of  Transportation,  the  Federal  Aviation  Administra¬ 
tion,  and  aqipropriate  airport  authorities  to  implement  as  soon  as  possible  an  Air  Traffic 
Management  system  that  complies  with  the  recommendations  contained  in  this  rqiort.  A 
continuing  process  of  monitoring  by  Government  and  industry  will  be  necessary  to  insure 
that  the  objectives  finally  established  are  properly  served  during  each  step  of  the  new  ATC 
system’s  develoi»nent  —  from  the  initial  design  stage  through  procurement,  evaluation,  and 
commissioning  for  operational  service.  Realistic  time  scales  riiould  be  set  and  every  effort 
made  to  insure  that  they  are  met  by  taking  advantage  of  miUtary  experience  in  the 
development  and  implementation  of  systems  of  comparable  magnitude. 
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APPENDIX  B 

CHARTS  CONCERNING  AIR  TRAFFIC  GROWTH, 
OPERATIONAL  DELAYS,  AND  FACILITIES  FUNDING 


riH-OK!  1)  -  TO  -  10 


Figure  B~l.  1968  DELAY  COSTS  (BY  TYPE)  OP  MEMBER  AIRLINE  A 


J ^ I - L 


Figure  B~2.  1968  DELAY  COSTS  (BY  MONTH)  OF  MEMBER  AIRLINE  B 
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Figure  B-4.  AIRCRAFT  IN  SERVICE  —  U.S.  AIR  CARRIERS 
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Figun  BS.  8CHEDULED>PA8SENGER  TRAFFIC  -  CERTIFICATED  ROUTE 
AIR  CARRIERS 
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Figure  B-€.  ACTIVE  GENERAL-AVIATION  AIRCRAFT 
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Figun  B-7.  AIRCRAFT  OPERATIONS  AT  AIRPORTS  WITH  FAA  ATC  SERVICE 
(OpmtkHu  Inchide  Those  of  Air  Carriers,  General  Aviation  and 
MOitaiy,  Both  Local  and  Itinerant) 


Figure  B-8.  FAA  FACILITIES  AND  EQUIPMENT  FUNDING 
VS.  AIRCRAFT  OPERATIONS 
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APnmac 

OOimUNlCATfONS  aSQUnUQiBNTS  FOR  AIR  TRAFFIC  OONTKOL* 


nmKHHXTfON 

lUt  appendix  outlinea  an  analjrtie  proceat  for  defining  the  commiinirationa  lequire- 
manta  tor  an  Air  Traffic  Coniiol  (ATC)  ayatem.  The  ptoceaa  to  be  deaoibed  entaiia  the 
following  majctf  atepa: 

1.  Concept  Definition.  Review  the  ATC  cmioept  and  define  Ha  beaic  fonctiona 

2.  Openttonal  Analyaia.  Devdop  an  operational  concept  for  each  baaic  function 

3.  Oate/nanate  Requhementa.  EataUiafa  communicationa  needa  (internal  and  exter¬ 
nal)  tot  each  beaic  function 

4.  Engineering  Analyaia.  Define  altemate  ayatem  conq>t8  (hardware  lequirementa)  to 
meet  the  communicationa  needa  of  the  mayor  functiona 

5.  Coct/^ectiveneaa  Ttadt  Ofb.  Perform  coat/effecthreneaa  trade  offs  of  the  ayatem 
concepta  defined 

The  diacuaaion  that  foBowa  ia  made  in  the  ccmtext  of  tire  beaic  Air  Traffic  Control 
coitoqH  that  haa  emmged  from  the  diacuaaiona  of  the  ATA’a  Air  IVaffic  Control  Syatem 
Planning  Gtaup.  Ihia  concept  canapriaea  an  aircraft  eajufoped  to  navigate  in  three 
dimenaiona  and  to  fly  pre-eetahlhhed  tracka  with  hia  poaition  on  audi  tncka  made  known  to 
the  ground  ATC  aubayatem  via  a  data-linfc.  Such  poaitive  identification  permita  more 
extenaive  uae  of  computera  for  the  ground-control  function  of  the  ATC  ayatem.  The  concept 
ia  iUuatrated  in  Figure  C— 1,  which  notea  foe  poaaiUe  role  of  aatellitea  in  ATC 
communicationa. 

The  five  atepa  in  ayatem  definitkm  and  analyaia  are  diacuaaed  in  turn  in  foe  following 
aecthma. 


CONCEPT  DEFINITION 

It  ia  foe  objective  of  foil  atep  to  traiulate  foe  beaic  ATC  coi>cq;>t  into  a  aeries  cH 
fimctional  areaa  for  which  operational  reapmiaibilitiea  can  be  eatabiiahed.  Figutea  C— 2,  3, 
and  4  preaent  poaa  functional  definitiona  of  foe  aiibonie,  ground,  and  airline4nterface 
aubgyatema,  reflectively.  The  figurea  rfireaent  preliminary  analyaea,  and  obvioualy  require 
refinement.  Hiey  are  preaented  only  to  illuatrate  foe  arulyaia  procem  and  are  not  neceaaarily 
indicative  of  deatoaUe  configuratioiu. 


*Thia  append  b  a  aummary  of  a  dheuidon  paper  piaaaatad  to  the  ATCSPG. 
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Figure  C~2.  AIRBORNE  SUBSYSTEM  FOR  AN  ATC  SYSTEM 


The  keystone  of  the  airborne  subsystem,  shown  in  Figure  C— 2,  is  the  general-purpose 
compute.  The  computer  accepts  inputs  from  the  navigation  sensors  to  permit  navigation 
in  three  dimensions;  it  can  also  provide  steering  information  to  the  pilot  or,  assuming 
eventual  FAA  approval,  direct  inputs  to  the  fh^t-control  system.  The  computer  can  also 
format  information  for  the  data-link,  which,  in  turn,  will  pass  the  position  and  identification 
information  to  the  ground  subsystem  of  the  ATC  system.  Complementary  items  include  the 
pilot’s  data  diq>]ay  and  a  data-entzy  set. 

Two  major  functions  are  identified  for  the  ground  subsystem,  shown  in  Figure  C— 3. 
First,  there  is  the  ezecuthre-contiol  computer  that  is  charged  with  receiving  flight  plans, 
determining  their  acceptability,  developing  and  maintaining  flow-control  procedures,  and 
coordinating  these  requirements  throu^out  the  ATC  system.  With  established  tracks,  the 
area-track  computer  function  will  come  into  play  as  the  fli^t  departs  and  progresses  into  its 
schedule.  The  area-track  computer  receives  information  from  two  sources;  position 
information  from  the  aircraft  is  received  via  the  communications  system’s  data-lhik  and, 
simultaneoudy,  the  independent  area-surveillance  system  receives  duplicate  iitformation  via 
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other  detection  tediniques  and,  after  procesaing,  inputs  it  to  the  computer.  Validity  checks 
are  made  by  the  computer  by  comparing  the  tracks  for  congruency.  Then  comparison  of 
current  position  to  pre^stablished  tracks  will  be  made.  Also,  computations  concerning 
future  c^  occupancy  will  be  made  and  possible  conflicts  determined.  The  track  computer 
will  ianie  approiKiate  instructioiw  to  correct  deficiencies  found  in  the  tracks  being  followed, 
and  to  avoid  conflicts  with  oUier  aircraft  The  human  controller  will  monitor  the  system, 
interceding  where  required  to  insure  that  it  operates  in  a  smooth,  efficient  manner.  The 
communications  system  will  interface  in  turn,  to  other  ATC  units. 

The  third  segment  of  the  hypothesized  ATC  system  (Figure  C— 4)  is  (he  airline-interface 
subsystem,  which  centers  around  the  airline  opmations  and  the  dispatcher.  Again,  a 
computer  forms  the  heart  of  the  subsystem.  Its  functions  include  flifpit  planning,  aircraft 
routing,  and  monitoring  of  in-flight  progress.  The  data-link  and  the  communications  system 
tied  to  the  operations  computer  provide  a  dynamic  link  that  permits  real  time  coordination 
between  dis|mtcher  and  ainaaft  flow. 
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Figure  C-^.  AIRLINE  INTERFACE  SUBSYSTTEM  FOR  AN  ATC  SYSTEM 


WBRATION AL  ANALYSIS 

Hanring  rttahlMied  •  functional  ayatem  Out  aatiafiea  tbe  ATC  concept,  the  analyat  can 
now  atudy  Ou  openOonal  aequence  aa  a  prehide  to  identifying  data  lequiiementi.  Figure 
C— 5  pieaenta  an  example  of  an  openOona  analysia  fw  the  aiea-tnck  function  of  the  ground 
fubeyitem.  The  analyaia  begina  with  Om  recognition  of  a  fli|^t  plan,  whkdi  ia  enteaed  into 
the  computer  aa  a  track  (Koflle  aoctMding  to  which  an  ahetaft  muat  be  at  a  given  p4^t  in 
qpace  at  a  given  time.  The  operational  analyaia  proceeda  by  identifying  each  function  that 
muat  be  petfonned  and  Showing  acOona  that  muat  be  takwi  in  the  event  of  a  given  aituation. 
An  analyaic  auefa  aa  tliia  muat  be  performed  for  eadi  mqjor  function  of  Oie  ATC  eyatem. 
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Figure  C-6.  OPERATIONAL  ANALYOS  OF  THE  TRACKING  FUNCTION 
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DATA-TRAN8FBR  RBQUIBBliBNTS 

Few  tiie  qraton  to  peifomi  tbe  nriout  (unctiont  defined  in  the  (^teietions  enalyeis  it 
muit  heee  certain  intotmation.  Td>ie  C— 1  diowa  an  analyaia  of  the  lequiieinenta  for  the 
araa-tnek  function:  data  to  be  develafied  in  the  aircraft  and  tranaotitted  by  the  detaJink  ate 
bated  akuig  with  cohunna  for  aubaequent  inantion  of  tbe  required  fiequency  of  trananiaaion 
(aee  bdow).  Theae  data  arouUI  pronde  f<w  poaition  aborting,  track  change,  track-change 
authoriaation,  track-change  execute,  track  dearance,  etc.,  edtiefa  ere  c(»aidered  to  be  baaic 
parameteia. 

Another  part  of  thh  taak  ia  the  ktaitification  of  the  number  of  bita  aaaoriatfd  with  each 
parameter.  The  accuracy  and  granularity  to  be  aaaodated  with  each  parameter,  and  the 
fiequency  (number  of  repetitiona  per  unit  of  time)  at  edtich  each  ia  tranamitted  mutt  be 
eatabUahed.  The  fiequoicy  of  repetition  will  depoid  on  the  aircraft’a  location  in  the  fU^t 
profile  —  departing,  enroute,  <»  on  final  aivroadt.  A  furfiier  input  to  the  data-tranafer 
requirementa  will  be  the  number  of  aircraft  being  nmirolled;  inputa  fiom  traffic-denaity 
projectiona  would  provide  uaeable  eatimatea  for  tfaia  input. 

ENGINEEBING  ANALYSIS 

With  a  functional  definition,  and  the  data-tranafer  requirementa  eatabliafaed,  analyais 
now  tuma  to  the  engineering  inqrlicatiotu  of  the  ayatem. 

Tranalation  of  communkatiotu  requirementa  into  ayatem  ipecificatioiu  requirea  a 
thorou^  engineering  analyaia.  For  an  ATC  ayatem  tiiia  ia  particulady  true,  aince  accuracy 
and  timelineaa  of  the  data  trander  ia  mandatory.  In  thia  aection  aome  of  the  problema 
aaaodated  with  providing  an  ATC  digital  data-link  between  tbe  ground  and  an  aircr^  either 
on  the  ground  or  in  fli^t  are  diacuaaed  very  laiefly.  Firat,  two  modea  of  communication  are 
conaidered:  direct  link  and  aatellite4wlay  link.  Thia  ia  followed  by  aubaectiona  concerning 
aignal-to-noiae  wMTgina,  modulation  methoda,  digital  tediniquea,  and  circuit  demand. 

Direct  Link 

At  VHF  and  UHF  fiequendea  there  ia  little  refraction  and  diffiaction  of  radio  oietgy 
and,  conaequentiy,  reliable  communicationa  are  bounded  quite  diarply  by  line-of-aight 
conaideiationa.  Ihua,  extended  rangea  are  poaaibie  only  at  the  hi^er  altitudea  and, 
unfortunately,  even  the  higheat  aircraft  altitudea  do  not  afford  very  great  rangea,  aa 
evidoioed  by  the  following  table; 


Altitude 

(Feet) 

Groutrd  Radio  Range 
(Milea) 

lOK 

123 

20K 

173 

30K 

212 

40K 

248 

60K 

276 

60K 

300 

0-7 
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TabkC-I.  OATA-TRAN8RR  HEQUHtBMBNTS  FOB  THE 

ABBA  TRACK  FUNCTION 

Data  Blamant 

Data-Link 

Directioo 

Depart 

Bnrouta 

Appaoacfa 

PodtioD 

Mentifieatioii  Code 

Track  Number 

Latitude 

I<oiiCituda 

Altitude 

Latitude  Rate 

Longitude  Rate 

Altitude  Rate 

Time 

Air-Ground 

Tiaek-Chanfe  Requeat 
Identification  Code 

Track  Number 

Depart  Longitude 

Depart  Latitude 

Depart  Altitude 

Depart  Time 

Way  Point  No.  Latitude 
Way  Point  No.  Longitude 
Way  Point  No.  Altitude 
Way  Point  No.  Time 

Entry  Way  Point  Latitude 
Entry  Way  Point  Longitude 
Entry  Way  Point  Attitude 
Entry  Way  Point  Time 
Change  Priority 

Air-Ground, 

Ground-Air 

• 

Track-Chaiiga  Authocixatioa 
Identification  Code 

Track  No. 

Authoriiation  Code 
(Repeat  Clumge  Data) 

Air-Grouitd 

Track-Changa  Executa 
Identification  Code 

Track  No. 

Authorized  Code 

Execute  Code 
(Repeat  Change  Data) 

Air-Ground 

Track-Cleaiaiice 

Identification  Code 

Track  No. 

Clearance  Ahead 

Clearance  Behind 

Clearance  Above 

Cleatance  Below 

Clearance  Right 

Clearance  Left 

Track  Time 

Time  Difference 

Ground-Air 
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SooM  incMMW  in  tfa«  above  langM  can  be  cauaed  by  ny  bending  and  the  location  of  Ifae 
ground  antenna  at  a  non-iero  heigd^t;  on  the  oifaae  hud,  covenge  diadowe  cu  be  created  by 
hilly  terrain  aurroonding  (be  utenna.  In  uy  caae,  the  maaimuni  range  for  rdiable 
communicationa  will  be  ^iprozbnatdy  250  miles.  Ihua,  the  rdatively  diort  range 
(compared  to  that  of  a  mtelUte^day  link)  and  the  low  path  loaaea  involved  allow  the  urn  of 
dmpler  —  and  therefore  leat  eapenaive  —  airborne  aitd  ground  terminala. 

Since  euetainfid  maneuvere  at  large  roll  and  pitdi  anglee  are  unusual  during  commotcial 
opecationa,  lowm  hemiaphecical  utenna  covers^  will  jnobably  be  euffieient  for  dte  aircraft, 
and  average  utenna  gains  on  the  order  of  3  dB  are  likely.  The  ground  terminal  would 
require  uppor  huiiq;iherical  coverage  and  ahould  also  exhibit  u  average  utuna  gain  of 
annozimately  3  dB. 

Digital  communications  are  more  ausitive  to  mult^tfa  problems  thu  are  voice 
communications,  and  this  problem  must  be  considered,  evu  for  a  direct  Unk.  The  problem 
wiH  be  diecuaeed  in  connection  with  aateUiterolay  links,  since  it  is  of  greater  magnitude 
tiiere. 

SateDite-Reiay  Link 

Oiriently,  synchronous  satellites  dominate  the  planning  of  satellite-relay  links.  Their 
prime  advutage  lies  in  the  fact  .dtat  three  symmetrically-placed  satellites  cu  provide 
conq>lete  global  illumination,  except  for  two  small,  ^iproximately  triangular  regions  at  the 
poles.  Their  use,  however,  involves  two  meior  trananiaeion  disadvutages:  path  loss  ud 
multqwtfa. 

Path  Loss 

The  eyndironous  satellites  are  at  u  altitude  of  22,000  miles  above  the  surface  of  the 
earth  and  die  longest  ground/satellite  path  involved  is  about  26,000  miles.  The  large  path 
loases  implicit  in  radio  transmission  over  sudi  diatuces  must  be  compensated  for  in  the 
diaiacteristics  of  the  txanamittera,  receivers,  and  utunas. 

A  half-beam  width  of  approximately  20”  is  required  for  a  satellite  to  illuminate  die 
surface  of  the  eardi  and  no  more;  this  iihplies  a  theoretical  satellite  utenna  gain  of  22  dB. 
The  airborne  utenna  would  of  necessity  have  upper  hemispherical  coverage  with  a  gain  of  3 
dB.  The  sateOite/ground  link  is  consideikbly  lea  critical,  since  the  fixed  position  of  die 
satellite  relative  to  the  ground  station  allows  use  of  a  hi^ily  directional  and,  consequently, 
higti  gain  utenna;  furthermore,  hi^-^mwer  transmitters  and  low^oise  receivers  cu  be 
justified  ecrmomically  at  the  relatively  few  ground  terminals  required. 

Multtyadi 

Multipath  problems  are  caused  by  energy’s  traveling  from  the  transmitting  utenna  to 
the  receiving  utenna  by  diverse  paths.  Direct  ueigy  will  travel  in  a  strai^t  line  between 
the  transmitting  and  receiving  antennas,  while  intmfering  —  or  reflected  —  uergy  will  make 
the  transit  via  a  bounce  off  the  earth’s  surface.  In  linearly  polarised  systems,  interference  is 
constructive  or  destructive  depending  on  whether  the  pham  differuce  between  the  direct 
and  reflected  waves  is  u  evu  or  odd  number  of  half  cycles.  The  phase  difference  is 
determined  by  the  phase  of  the  reflection  coefficient  and  die  length  of  tte  reflected  wave’s 
path.  Whu  the  direct  ud  reflected  waves  are  completely  out  of  phase  (destructive 
interferuce),  the  net  signal  anqilitude  at  the  receiver  is  decrused  in  proportion  to  die  the 
magnitude  of  the  reflection  coefficiut,  which  is  never  greater  diu  1. 
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Unte  oondtUoni,  um  of  dtcuMy  polariiiMl  tnumittiiic  •»!  woehting 

antennM  i*  ilgntflr«iifly  bonoficM  to  comnnifiinottent  ovar  the  catin  mgo  of  look  laglao. 
Otiiar  Bwttioda  ot  oomhotfaig  miiltipatfa  ptoblcmt  am  baaad  on  the  fa^t  that  if  two 
coiwmnnWttona  «4»mn«ila  fado  kidopewdontty  and  with  iha  aame  pcotialiility  [Pf  -  0.01] , 
the  inobd>iltt3r  of  dte  two  fading  ahnuttaneoudy  ia  0.0001.  Independent  fading  of  the  two 
(or  more)  diannela  —  the  waaantial  diaiacteriatic  of  there  meOi^  —  can  be  achiewd  by 
aerenl  tedmiquea:  ^laoe  dhwialty.  time  divenity.  frequency  divetaity.  an^  divenity, 
poboisation  dhreiaity.  and  take.  Each  of  there  tedudquea  deliveta  the  dedred  aignal  to  die 
leoetaei  on  two  or  more  cbaanda;  the  moehcr  then  adecta,  from  moment  to  moment,  die 
channd  diat  ia  ddhreting  the  attongeet  dgnaL 

ISiVaaUo-Naiae 

Aaauming  a  noire  figure  of  SdB  for  the  airemft  reoewer,  a  noire  bandwidth  of  16  kHz 
(aampaaiOog  touffiiif  to  a  26-kHa  channel  qiadng),  and  a  required  aignal-to«oiae  ratio 
(induding  matgina)  of  40dB,  die  required  power  lewd  at  the  modrer  ia -137 dBW,  wiiidi 
requhea  the  following  tranamitted  powera: 


Frequency 

Power  Requhegrent  | 

Frmn  Ground 

100  MHz 

IGHz 

28dB-200W 

48  dB  -  20,000  W 

There  caleulationa  are  equivalent  to  determing  die  tranamitted  power  required  to 
provide  a  1(W<V  aignd  to  the  receiver  input. 


Modnlatfcm  Melhoda 

In  the  care  of  the  downlink  from  a  lynchronoua  aatdlite  to  an  aircraft,  the  tnnamitter 
power  required  —  aa  Hated  m  die  above  table  —  ia  awkwardly  large,  eapedally  becaure  the 
power  Hated  ia  that  required  tor  one  ciiannd,  not  for  the  totd  aatdlite.  Tbia  requirement 
waa  baaed  on  ainqile  bhiaiy  on<off  keying  (OOK)  wfaidi,  Hke  the  analogoua  ampHtwie 
modulation  (AM),  ia  ainqile  to  inqilement  but  r^tively  inefDcient.  Conaequoi^,  the 
optimal  ayatem  probity  ure  a  more  aophiaticated  modulation  teclinique;  it  makea 
eooiK»mc  aenre  to  tr^  off  increaaed  end-equ^ment  conqdezity  and  bandwidth  againat  a 
reduction  in  die  required  trananitter  power.  Poaalble  modulation  methoda  are  binary 
frequency  drift  keying  (FSK)  and  phare  drift  keying  (P8K).  Completely  coherent  detection 
ia  poaaflde  with  bodi  there  method^  but  ita  advantagre  probably  do  not  juatify  the  coat  of 
the  ccmqilea  equ^nnent  required.  For  die  ATC  cmnmunicationt  ayatmn,  incoherent 
detection  with  FSK  or  a  mediod  refoxed  to  aa  ditferentiaUy-crdierent  idiare  drift  keying 
(1V8K)  would  probdUy  be  auitable.  The  latter  mediod  baa  been  uaed  very  aucceaatully  in 

tlM  CnlHna  ‘•VriniylOT’*  HF  qwtimi. 


Digital  Tedmiquea 


Due  to  the  requireinent  for  data  accuracy  far  air  trafBc  control,  the  dicdce  of  the  data 
tranandaakm  format  ia  criticaL  Itema  to  be  conaidaed  include: 


•  Word  atcnctun 

*  Language  (BCD,  BNR) 

•  Pari^  checking 

*  Tranwniaaion  order 


Logic  levda 
Synchronization 
Error  detectioci 
Redundancy 
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Some  foim  of  onor  detection,  tudi  u  parity  checking  cr  gray  code,  ia  caaential.  Mote 
aoidiiaticated  techniques  are  avtdlable  but  the  dioice  must  depend  <»  a  trade  att  between 
cost  and  performance  —  maintenance  of  safety,  of  coune,  repteaenia  one  of  the  Itanits  in  this 
trade  off.  Considerable  work  in  this  area  has  bem  done  by  RTCA  and  AEEC,  but  further 
study  of  the  subject,  as  it  relates  qtedfically  to  the  ATC  yystem,  is  recommended. 


Citcuit  Demands 


A  final  engineering  area  to  be  considered  is  that  of  circuit  loading  and  the  determination 
of  required  channel  capacities.  The  judgements  to  be  made  include: 

■  Should  ATC  data-link  duuuiels  be  dedicated  solely  to  ATC  or  should  they  dtare  with 
other  functions? 

•  Should  aircraft  be  called  selectively  to  repmrt  poaition  or  should  they  tq;>ort 
randomly? 

*  How  many  channels  will  be  needed  to  meet  immediate  needs;  how  many  to 
accomodate  system  growth? 

These  questions  can  be  answered  by  use  of  operations  research  models;  the 
characteristics  of  the  system  can  be  introduced  and  the  consequence  of  a  particular  dioice 
determined.  For  example,  the  problem  of  multq>le  random  channel  users  can  be  readily 
examined.  The  probability  (P)  of  no  overlap  for  n  signals  (from  n  aircraft)  within  a  period  T 
with  each  signal  having  a  duration,  k,  ia  equri  to  the  following: 


(n-l)k 


n-1 


(T-k)n-l  [T-Kn-Pk]  -  [(n-l)k  ]  [nT-(n-l)V 
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T"  -  [  (n-  l)k  ]  [nT  -  (n-  D^k] 


Thus,  with  knowledge  of  die  number  of  aircraft  expected  to  be  cqierating  on  the  same 
frequency  in  a  common  reception  area,  the  likelihood  of  interference  (overiap)  of 
transmitted  data  can  be  predicted.  Alternate  schemes,  sudi  as  sequential  polling,  may  be 
evaluated  to  determine  rfiannel  loading,  and  ultimately  to  establish  channel  requiremento. 

GOST/EFFECnVENESS  TRADE  OFFS 

The  foregoing  sections  have  described  the  process  by  which  a  conc^t  for  ATC 
communications  is  translated  into  functional  elements.  These  functional  elements  are  in 
turn  interpreted  in  an  engineering  sense  and  hardware  requirements  are  established.  Widi  the 
estabUdiment  of  the  hardware  requirements,  it  is  possible  to  investigate  the  cost/etfective- 
ness  aspects.  This  process  requires  that  each  hardware  element  be  subjected  to  a  cost 
analysis.  Additionany,  it  should  be  establidied  diat  the  current  technical  state  of  die  art  will 
support  the  technical  requirements  defined.  A  further  part  of  this  analysis  entails  relating 
the  defined  hardware  to  the  exisdng  system  and  establishing  what  evohidonary  process 
would  be  necessary  to  make  the  transition  from  ahat  now  exists  to  what  is  described. 
Following  this,  die  syatem  rdiabiiity  diat  is  inherent  in  die  estaUkhed  conoq;>t  diould  be 
detennined.  With  these  factors  in  clear  focus,  it  is  possible  to  exercise  judgemmits 
concerning  the  proposed  system.  It  is  cpiite  possible  diat  revisions  will  be  required  to  the 
original  conc^t  based  on  findings  estabUdied  through  the  cost/effectiveness  analysis 
outlined  hem. 
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The  cost/effectivencw  anal)'su  coupled  with  the  functional,  operational,  and  engineer¬ 
ing  analyees  deecribed  in  inevioua  aectione  repnaente  eyetem  arcUtecture.  The  ten  mgjor 
activitiee  diagrammed  in  Figure  C— 6  cominiae  a  typical  eyetem-ardiitecture  program.  The 
first  six  are  of  specific  interest  to  this  discussion  and  may  be  summarised  as  follows: 

1.  Define  the  client’s  technical  requirements  and  resource  constnints 

2.  Hypothesise  feasiUe  system  configurations  that  may  satisfy  the  requirements  and 
constraints 

3.  Perform  effecthreness  anatyaes  of  the  hypothesised  configurations  to  identify  those 
that  can  meet  the  lequirefnentB 

4.  Perform  cost  anatyaes  of  the  hypothesised  configurations  to  identify  those  that  can 
meet  the  requirements. 

5.  Select  the  optimum  configuration  by  performing  coat/effectivmiess  analyses 

6.  Prepare  system  qiecifications  based  on  the  optimum  configuration 

The  effectiveness  of  a  system  is  a  quantitative  measure  of  its  ability  to  satisty  a  set  of 
requirements.  It  is  a  function  of  three  major  system  attiibutes:  availability,  depmdability, 
and  capability.  Quantification  of  system  ^ectiveness  according  to  this  fitamework  provides 
one  of  the  three  inputs  to  cost/etfectiveness  analysis.  The  second  input,  of  course,  is  cost 
and  the  third  is  leverage  effects,  which  may  be  characterized  as  indirect  advantage  or 
disadvantages  of  the  system  that  are  not  formally  coveted  in  the  requirements-and- 
constraints  dossier:  good  expanson  capabilities,  for  example,  might  provide  -r-'dtive 
leverage  in  the  form  of  potential  future  savings. 

A  system’s  availability  and  dependM>ility  are  functions  of  its  reliability  and  maintaina¬ 
bility.  Complexity,  quality  of  material,  quality  of  workmanship,  and  degree  of  redundancy 
in  the  design  are  the  major  influences  on  leliabiHty.  Maintainability  is  a  measure  of  the 
facility  (qreed)  with  which  the  system  can  be  restored  to  service  after  a  failure;  design 
features  and  the  extent  of  operation-monitoring  provisions  are  the  msjor  influencing  factors. 
Ciqiability  is  a  measure  of  how  well  die  system  performs  in  terms  of  data  ratios,  range, 
system  flexibility,  etc. 

The  cost/effectiveness  analysis  of  the  proposed  coimnunications  system  not  only 
provides  guidance  towards  obtaining  die  most  cost-effective  system,  but  also  provides 
valuable  inputs  to  justifying  the  system  to  airline  managements  and  die  Government 
agencies  involved.  Accordingty,  the  importance  of  diis  step  cannot  be  over-emphasized. 
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Ukj  9.  1968 


The  Honorable  John  A.  Volpe 
Secretary 

Department  of  Tranaportation 
800  Independence  Avenue^  S.  W, 
Washington.  D.  C.  20S90 


The  HoooraUa  John  H.  Shaffer 
Administrator 

Federal  Aviation  Administration 
800  Independence  Avenue.  S.  W. 
Washington.  D.  C.  20590 


Gentlemen: 


On  April  10.  1969.  a  Joint  meeting  was  held  between  the  Air  Transport 
Association.  Aircraft  Owners  and  Pilots  Association.  National  Business 
Aircraft  Association  and  the  National  Pilots  Association  for  the  purpose  of 
exchanging  views  on  broad  principles  for  the  future  design  of  the  Air  Traffic 
Control  System.  During  the  disc'uslons  it  became  apparent  that  there  was 
considerable  agreement  among  the  attendees  on  certain  basic  philosophies  and 
concepts  that  should  govern  planning  for  the  ATC  system  of  the  future.  A 
desire  was  expressed  to  communicate  these  common  thoughts  to  those 
responsible  in  the  form  of  a  joint  statement.  Accordingly,  on  behalf  of  their 
associations,  the  undersigned  are  transmitting  to  you  the  attached,  mutually 
agreed  upon,  statement  of  ''broad  principles  on  which  planning  for  an  efficient 
national  system  of  air  traffic  management  should  be  based.  " 


We  respectfully  ask  that  you  and  your  staffs  give  due  consideration 
these  principles  as  you  plan  ATC  improvements. 


bn  F.  von  Kann 
Vice  President 
Operations  A  Ebigineerlng 
Air  Transport  Association 


im  H.  Ottley 
Executive  Director 
National  Pilots  Association 


Sincerely. 


Victor  J.  KaJ 
Vice  President 
Policy  and  Technical  Planning 
Aircr^ft^Owners  and  Pilots  Association 


frt  B.  Ward 
bcutive  Vice  President 
National  Business  Aircraft  Association 
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AtUchmut  to  Letter  dated  May  9,  1 969 


JCXNT  STATEMEMT 


"The  civil  aircraft  airepace  usere,  repreeeoted  by  AOPA, 
ATA*  NBAA.  and  NPA  are  unanimouely  agreed  that  planning  an 
efficient  natiooal  ayetem  of  air  traitfic  management,  which  includes 
airports,  ATC,  flight  regulations  and  procedures,  should  be  based 
on  the  following  broad  principles: 

1.  Widely  divergent  aircraft  performance  character¬ 
istics  must  be  taken  into  account  in  applying  air¬ 
space  utilization  techniques  and  procedures.  The 
different  capabilities  and  requirements  of  the 
various  segments  of  civil  and  military  aviation 
must  be  accommodated  to  the  maximum  practicable 
extent,  so  that  all  can  coexist  harmoniously  and 
continue  their  natural  growth  in  the  country's 
economic  interests. 

2.  Airports  should  provide  separate  runways  and 
associated  facilities  that  meet  the  differing  require¬ 
ments  of  the  users  by  making  efficient  use  of 
valuable  real  estate  to  insure  maximum  runway 
availability  for  all  users. 

3.  The  advantages  of  automation,  both  on  the  ground 
and  in  the  air,  must  be  fUlly  exploited  to  allow  air 
traffic  to  expand  safely,  pilot  and  controller  work¬ 
load  to  be  eased,  and  keep  the  cost  of  operating  the 
ATC  system  to  the  minimum. 

4.  Expanded  airborne  navigation  capability  is  essential 
to  increase  efficiency  by  enabling  pilots  to  follow 

in  certain  controlled  airspace  of  the  future, 
predetermined  fli^t  paths  with  the  precision 
necessary  for  reduced  safe  separation  without  the 
need  for  radar  services.  The  responsibility  for 
navigation  should  always  rest  with  the  pilot.  The 
ATC  responsibility  for  a  safe  and  expe^tious  flow 
of  traffic  should  be  based  (si  accurate  and  reliable 
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position  Information  obtained  directly,  and 
preferably  automatically,  either  from  the  air¬ 
craft  or  flrom  an  overall  system  of  position 
determination.  The  potentialities  cd  airborne 
station  keeping  devices  should  be  fully  explored. 

5.  Automatic  digital  communications  must  be 
Implemented  as  soon  as  possible  to  relieve  the 
load  on  voice  communications  and  to  facilitate 
the  introduction  of  on  line  data  processing 
equipment  in  the  ATC  system.  The  voice  system 
must  be  retained. 

6.  The  civil  aviation  organizations  endorsing  this 
statement  of  broad  policy  offer  the  Federal 
Government  and  the  airport  authorities  their 
fUU  cooperation  in  attaining  the  objectives 
outlined. " 
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GLOfiSAHY 


Anbome  Guidance  nd  Control  Syrtem  —  An  inte^ated  aiicnft  nwrigation  ^ttent  that 
pennita  following  any  three-dimeniional  path  deaited.  As  used  in  this  lapoct,  no  q[>ecific 
sensMy  input  is  intended. 

Ainxaft  —  Any  device  that  is  used  or  intended  to  be  used  for  fli^t  in  die  air. 

ABTS  —  Automated  Radar  Tctminal  System  —  A  currently  planned  ATC  system  for 
terminal  areas  using  conqiuter  tedinology  and  radar. 

ATC  —  Air  TrafBc  Control  —  A  aorvice  operated  by  qipsopriate  authority  to  promote  die 
safe,  orderly,  and  expeditious  flow  of  air  traffic. 

Air  Traffic  —  Aircraft  operating  in  the  air  or  on  an  airport  surface,  exclusive  of  ]o.^ding 
ramps  and  parking  areas,  but  including  aircraft  departing  from  or  arriving  at  such  .“eas. 

Air  Traffic  Cmitroiler  —  A  duly  authorised  individtul  involved  in  providing  ATC  service. 

Air  Traffic  Control  System  —  All  components,  human  and  physical,  of  a  qrstan  providing 
ATC  service. 

Ak  Ikaffic  Mansgement  System  —  As  used  in  this  report,  die  complete  system  used  in  air 
traffic,  which  includes  ATC,  rules  and  regulations,  the  necessary  airports  and  other 
landing  and  take-off  jlities. 

Area  Navigdiob  —  A  method  of  navigation  that  pamits  aircraft  operations  on  any  desired 
course  within  the  coverage  of  station^erenced  navigation  sisals  or  within  the  limits 
of  sdf-contained  system  ogiability. 

Automatic  Digital  Commnnicatioiis  System  —  A  system  for  exdiange  of  communications  in 
a  form  suitable  for  direct  input  to  or  ou^ut  fTtun  printers,  display  devices,  computers, 
data  processors,  etc.  When  the  word  “automatic"  is  used,  it  generally  implies  that 
madiines  either  generate  or  utilize  the  communications  without  the  necessity  of  human 
intervention. 

CAS  —  CrdUafam  Avoidance  System  —  A  device  installed  on  aircraft  for  die  following 
pHiposm: 

;  Detecting  die  {xeaenoe  of  other  aircraft 

:  Automatically  assessing  the  potmtial  collision  hazard  represented  by  such  other 

aircraft. 

:  Providing  advance  warning  to  the  pilot  if  a  threat  is  predicted  by  the  equtyment. 

:  Providing  lypropriate  conunand  indicating  die  proper  evasive  maneuver. 

The  CAS  device  performs  its  functions  continuously  and  automatically  in  all  types  of 
weather  conditions  without  requiring  visual  assessnent  of  collision  risk  Iqr  the  pQot. 
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Clearance  —  An  authorization  for  an  aircraft  to  proceed  under  specified  traffic  conditions 
within  controlled  airspace;  given  by  ATC  for  the  purpose  of  preventing  collision 
between  known  aircraft. 

CTOL  —  Conventional  Takeoff  and  I  jnwting  —  Designation  of  aircraft  that  have 
conventional  performance  with  respect  to  runway  needs  and  climb/descent  angles. 

FAA  —  Federal  Aviation  Administration  —  The  U.  S.  Government  agency  responsible  for 
ATC  and  for  supervising  civU  aviation  activities  from  a  safety  point  of  view. 

FAR  —  Federal  Aviation  Regulations  —  Regulations  published  by  the  FAA  to  assist  in 
carrying  out  its  assigned  functions. 

Flight  Path  —  The  combination  of  an  altitude  profile  with  a  horizontal  track. 

IFR  —  Instrument  Fli^t  Rules  —  Rules  governing  the  operation  of  aircraft  when  weather 
conditions  are  poorer  than  those  specified  for  viraial  flight  rules. 

NAS  Stage  A  —  National  Airqiace  System  Stage  A  —  A  program  for  improved  use  of  radar 
and  computer  technology  in  the  enroute  airspace  of  the  U.  S. 

Operational  Control  -  With  reqrect  to  a  fli^t,  means  the  exercise  of  authority  over 
initiating,  conducting,  or  terminating  a  flight. 

PWI  —  Proximity  Warning  Indicator  —  A  device  on  an  aircraft  that  automatically  alerts  the 
pilot  to  the  presence  of  another  aircraft  but  leaves  to  the  pilot  the  task  of  visually 
sighting  the  intrudin,-  traffic,  assessing  the  collision  threat  posed  by  that  traffic,  and 
determining  what,  if  any,  evasive  action  is  needed.  Because  of  the  need  for  visual 
sighting  of  traffic,  proximity  warning  devices  can  be  effective  only  when  there  is 
adequate  in-flight  visibility. 

STOL  —  %ort  Takeoff  and  Landing  Designation  of  aircraft  that  have  performance 
characteristics  requiring  shorter  run » ays  than  CFOL  aircraft.  STOL  airc^t  generally 
may  also  employ  steeper  angles  of  climb  and  descent  than  CTOL  aircraft. 

VFR  —  Visual  Flight  Rules  —  Special  rules  for  conducting  fli^t  with  the  responsibility  for 
collision  avoidance  resting  with  the  pilot.  These  rules  apply  only  when  the  weather  is  at 
or  above  the  weather  minima  specified  for  such  flight. 

VORTAC  -  CoUocated  VOR  and  TACAN. 

VTOL  —  Vertical  Takeoff  and  Landing  —  Designation  for  aircraft  that  have  performance 
characteristics  permitting  vertical  or  almost  vertical  takeoffs,  landings,  and  climb  and 
descent  angles. 
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General  von  Kann.  Both  Uie  Department  of  Transportatian  jmd 
the  Air  Transport  Association  projects  establish  B.  &  D.  objectives 
for  the  ATC  system.  The  main  ne^  will  be  for  highly  skilled  man¬ 
agement  and  systems  ei^neering. 

With  aii^^  there  is  less  cause  for  optimism,  mainly  because  it 
will  be  all  but  impossible  to  build  by  1980  any  new  airrorts  suitable 
for  air  carrier  operations  whose  site  has  not  already  been  selected 
and  approved.  It  is  frightening  but  true  that  no  more  than  a  very 
few  new  airports  of  this  type  will  appear  in  the  United  States  during 
the  next  10  years. 

So  while  the  anticipated  user  charge  legislation  may  facilitate 
airport  financing,  these  funds  will  have  to  be  used  ma^y  to  improve 
existing  airports — actually  to  stretch  existing  capacity  as  far  as  it 
will  go  and  thus  to  delay  the  evil  day  when  the  airport  becomes  the 
ultimate  bottleneck  in  the  system. 

With  the  jurisdictional  problems  involved  in  programing  these  im¬ 
provements,  and  the  pressures  of  noise  abatement  measures  to  reduce 
airport  acceptance  rates,  it  is  impossible  to  foresee  adequate  capacity 
at  the  major  airline  airports  in  the  coming  decade. 

Mr.  Isn’t  it  already? 

General  von  Kann.  At  some  locations,  yes,  sir.  On  that  one,  we  run 
into  great  discussion  on  whether  or  not  the  bottleneck  is  the  ATC 
system  or  the  airport,  and  you  can  ar^e  it  both  ways,  and  as  a 
matter  of  fact  we  have  not  really  established  systems  for  measuring 
the  effectiveness  of  either. 

The  FAA  has  recently  undertaken  a  project  to  attempt  to  allow 
itself  to  better  measure  its  systems  effectiveness  with  respect  to  the 
airways.  This  should  be  done.  I  think  that  sometimes  the  runway  is 
the  bottleneck,  the  runway  acceptance  rates. 

At  the  other  hand  there  is  some  periods  where  the  runway  isn’t 
too  busy  but  the  ATC  system  doesrrt  deliver  the  planes  in  as  fast 
as  the  runway  could  take  them.  I  think  it  shifts  back  and  forth.  But 
1  see  more  hope  for  solving  the  problems  in  the  air  than  the  ones 
on  the  ground,  in  the  coming  decade. 

Mr.  Hechler.  I  don’t  want  to  interrupt  your  testimony  with  argu¬ 
mentative  items,  but  you  have  certain  size  planes  that  can’t  land  on 
certain  size  runways,  and  this  is  why  I  made  the  observation  that 
sometimes  the  airport  is  the  real  bottleneck. 

General  von  E^n.  Oh,  it  is  at  times,  and  I  will  come  back  to  this 
point  as  I  proceed. 

Mr.  GomwATER.  Mr.  Chairman,  could  I  ask  a  question  ? 

Mr.  UixiHnER.  Mr.  Goldwater. 

Mr.  Goldwater,  Improving  existing  airports  from  your  statement; 
do  you  feel  that  perhaps  even  if  we  did  this,  it  still  wouldn’t  'be  enough 
or  wouldn’t  be  adequate,  primarily  because  of  the  limitations  that  have 
been  created  around  airports  today?  In  other  words,  in  creating,  in 
improving  what  we  already  have,  would  seem  to  me  that  in  many  in¬ 
stances,  the  airports  we  already  have,  especially  on  large  municipal 
airports^  they  have  been  improved  almost  to  capacity  now. 

And  if  in  fact  this  is  true,  what  is  the  alternative?  Build  new 
airports? 
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G«naal  TON  Kann.  Well,  I  will  come  to  that  as  I  proceed.  It  is  true 
that  a  great  deal  of  money  has  been  put  into  airport  improvement.  On 
the  other  hand,  you  can  t^e  Kennedy  Airport  and  there  are  proposals 
for  further  oonstructicm,  backing  the  northeast-southwest  runways 
into  the  bay,  which  would  improve  the  capacity  still  further. 

For  one  reason,  it  would  cut  down  on  tne  noise  impact  on  the  com¬ 
munity.  On  the  other  hand,  there  is  m«at  opposition  even  to  this.  In 
Bostm  at  Logan,  other  runways  could  be  again  the  local  com¬ 

munity  are  violently  against  it.  So  there  are  things  that  could  be  done. 
There  are  things  that  will  have  to  be  done  at  existing  airports. 

But  I  don’t  think  it  will  be  enough,  and  it  comes  with  great  diffi¬ 
culty.  As  a  matter  of  fact,  you  take  both  the  Boston  and  New  York 
situation.  If  you  talk  about  improving  the  current  facilities,  then  you 
cw’t  talk  about  an  additional  airport,  and  if  you  talk  about  an  addi¬ 
tional  airport,  you  can’t  talk  about  improving  the  current  facilities. 

And  you  constantly  have  got  this  sort  of  a  conflict  at  work.  We  will 
come  back  to  it. 

Chairman  Mnjjgt.  Mr.  Chairman. 

Mr.  Hechubr.  Mr.  Chairman. 

Chairman  Miller.  I  have  to  leave  in  a  few  minutes,  but  I  am  very 
vitally  concerned  with  this  problem.  Has  the  Air  Transport  Associa¬ 
tion  ever  studied  the  optimum  type  of  airport  and  buildings  that 
should  be  at  an  aiiroort? 

General  von  EL&nn.  I  don’t  think  anyone  •  as  studied  that,  Mr. 
Chairman. 

Chairman  Miller.  Then  as  the  representat/  of  the  airlines,  why 
haven’t  you  studied  it  i 

Genem  von  Kann.  Well,  as  far  as - 

Chairman  Miller.  You  know  that  tliis  is  the  biggest  mess  in  the 
world.  Now,  as  one  who  uses  the  airplanes  a  great  de^  I  frequently  go 
to  Los  Angeles.  If  I  take  one  line  to  Los  Angeles,  I  can  ride  a  thousand 
feet  on  a  movable  airport  sidewalk.  If  I  take  another  line  I  have  to 
walk  a  thousand  feet.  If  I  come  into  San  Francisco  on  one  major  air¬ 
line,  and  I  want  to  take  another  airline  out,  I  have  got  to  walk  nearly 
half  a  mile. 

Now,  one  can  lose  more  time  getting  around  the  airports  than  in 
getting  across  the  country.  Now,  why  hasn’t  an  organization  such  as 
yours,  given  some  thought  to  this  and  tried  to  influence  a  standardiza¬ 
tion,  one  that  will  serve  the  public  in  the  air  industry  ? 

Gteneral  von  Kann.  Well,  I  can  answer  that,  sir,  in  about  three  ways. 
First  of  all,  we  are  doing  a  great  deal  along  that  line. 

Chairman  Miller.  I  say  you  haven’t  done  anything  in  the  last  10 
years,  anyway,  except  Dulles. 

General  von  Kann.  Well,  we  can’t  take  credit  for  that.  By  the  way, 
most  airport  development  is  done  at  the  local  level  for  one  thing. 

Oiairman  Miller.  That  is  one  of  the  things.  I  think,  and  without 
anticipating  your  answers,  this  is  the  very  evident  fact.  Each  city  builds 
its  own  airport,  g^  its  own  architect  and  each  is  going  to  outdo  the 
other,  without  ^ving  much  thought  to  the  convenience  of  the  traveler. 

And  I  think  some  organization  ^ould  have  at  least  represented  the 
traveler  in  this  matter.  I  would  imagine  that  you  would  have  done 
this,  because  most  other  means  of  transportation  over  the  years  have 
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tried  to  fix  up  their  stations  and  unify  them  so  you  know  where  you 
areroing  and  what  you  are  doing. 

Creneral  von  Kann.  Well,  there  is  a  greatly  expanded  effort  in  our 
association,  sir,  and  there  has  been  for  the  last  3  years.  As  a  matter 
of  fact,  3  years  ago  we  organized  a  new  airport  facilities  department, 
which  is  auned  in  this  direction. 

But  I  must  also  say  this  is  not  an  easy  operation,  because  anybody 
attempting  to  put  standardization  into  a  system  like  this  comes  in  con¬ 
flict  with  all  the  local  jurisdictional  interests. 

Chairman  Miller.  I  appreciate  that. 

Gleneral  von  Kann.  So  more  should  be  done^  and  the  kind  of  study 
that  you  indicated  when  you  raised  ^e  question  was  also  suggested 
by  the  transportation  workshop  report  a  couple  of  years  ago,  and  as 
far  as  I  know  there  is  no  such  study  in  existence,  and  I  think  I  make 
the  point  later  that  I  agree  that  there  should  be. 

I  should  also  say  that  our  ability  to  engage  in  this  sort  of  work, 
if  you  want  to  call  it  R.  &  D.,  I  guess  it  certamfy  is  a  portion  of  R.  &  D., 
is  limited,  because  a  regulat^  industry  just  can’t  very  well  have  a  big 
R.  &.  D.  budget. 

Chairman  Miller.  Well,  I  am  not  going  to  accept  that.  Railroads 
have  been  regulat^  for  years.  The  trucks  and  eve^  other  mode  of 
public  transportation  are  under  regulation.  It  reminds  me  a  great  deal 
of  the  history  of  the  Southern  Pacific  Railroad,  in  my  home  State. 
The  Southeni  Pacific  Railrmid  got  pretfy  well  control  of  the  politics 
of  California  in  the  early  days.  Then,  driving  the  railroad  over  the 
Sierra  Mountains  was  one  of  the  biggest  engmeering  feats,  and  an 
outstanding  engineering  feat  in  this  world. 

But  the  result  is  that  the  people  who  drove  it  over  the  mountain 
then  took  charge  of  the  raUroaa.  I  used  to  work  for  the  Southern 
Pacific  Co.,  over  50  years  ago,  as  a  young  engineer.  We  didn’t  mind 
holding  up  “No.  1,”  which  was  the  overland  limited  train,  if  some¬ 
thing  had  to  be  done  in  the  mechanical  side  of  fixing  a  track  or  some¬ 
thing. 

And  this  went  on  for  years  until  the  public  was  forgotten.  It  was 
the  big  thing ;  we  got  a  railroad  and  it  had  to  be  operated.  They  began 
to  lose  out  and  then  they  changed  some  of  their  management  and 
set  forth  in  the  other  direction. 

Now,  operating  airplanes  is  to  a  degree  comparable.  The  changes 
that  have  taken  ^ace  in  the  last  20  years  have  been  g^t.  The  changes 
that  will  take  place  will  be  equally  so.  But,  I  wonder  if  the  people  who 
operate  the  planes  don’t  let  the  mechanical  side  of  it  sometimes  dic¬ 
tate  a  little  bit  what  is  going  to  happen. 

We  want  the  plane  here  and  we  want  it  there.  And  the  dickens 
with  the  passenger;  let  him  walk.  Now,  most  of  the  European  airlines 
at  least  t^e  you  out  in  a  bus  to  the  plane.  I  once  tho^ht  that  Dulles 
was  for  the  birds  when  I  first  saw  it.  But,  the  more  Thave  traveled, 
and  I  think  I  have  landed  on  nearly  all  of  the  major  airlines  in  the 
world — in  Europe  and  parts  of  A!sia — ^the  more  I  see  Dulles,  the 
more  I  think  that  it  is  the  optimum  type  of  operation. 

You  waste  a  little  time  getting  back  and  lorth.  But,  by  the  time 
you  get  in,  your  suitcase  is  only  about  5  or  10  minutes  behind  you, 
which  is  more  than  you  can  say  in  most  airports.  T^en  on  the  whole, 
there  are  no  great  distances  to  walk. 
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To  me  it  is  the  optimum.  I  wonder  why  someone  hasn’t  studied  this 
program  and  come  up  with  it  as  a  better  airport,  and  then  have  local 

_ _ _ _ _ _ a1 _ X.  X _ _  ^  ! _ _ 


CrHare  isn’t  so  old  that>it  couldn’t  have  been  improved  on.  Do  you 
like  to  go  to  O’Hare  and  walk  around  those  long  distances? 

General  VON  Kann.  I  prefer  Dulles,  sir. 

Chairman  IVfnjJiR.  How  about  Kennedy,  if  you  want  to  go  from 
one  to  another? 

General  von  Kann.  I  prefer  O’Hare  to  Kennedy. 

Chairman  Miller.  And  San  Francisco;  I  live  on  the  east  side  of 
the  bay.  We  hope  to  have  a  good  airport  at  Oakland  someday.  But 
I  have  to  walk  ^eat  distances  in  San  Francisco. 

General  von  SLann.  Yesj  we  do.  We  do.  Well,  sir;  I  would  like  to 
say  this,  if  I  may,  that  gomg  back  to  my  point  that  there  is  a  limit 
to  the  amount  of  E.  &  D.  that  an  indu^ry  in  our  position  can  do, 
I  still  feel  this  is  true.  We  do  what  we  can.  For  example,  in  the  last 
year  or  so  we  have  put  nearly  $2  million  into  a  collision  avoidance 
system. 

You  will  find  that  airlines  will  dig  into  thdr  pockets  as  deeply  as 
they  can  on  safety,  but  then  with  the  finances  being  what  they  are 
they  probably  are  not  going  to  be  able  to  go  into  too  many  other 
areas,  especially  with  the  varying  jurisdictions  involved  in  airport 
development. 

We  ^ould  do  more.  We  are  doing  more.  But  I  think  the  largest 
problem  here  is  the  fact  that  you  have  got  one-third  of  the  ^stem  in 
the  hands  of  private  enterprise,  one-third  in  the  hands  of  the  Federal 
Government,  and  the  other  third  in  the  hands  of  lord  knows  how 
many  raitities. 

Chairman  Miller.  I  understand,  I  appreciate  it,  and  I  am  not 
critical.  I  think  I  understand  your  problem.  But  I  do  think  that  if 
maybe  10  years  ago — and  I  knew  some  of  your  predecessors  pretty 
well — if  they  had  given  thought  to  this,  you  would  have  started  prod¬ 
ding  the  Federal  Government  at  that  time,  and  we  might  have  had 
some  of  the  solutions  now. 

General  von  Kann.  I  couldn’t  agree  more.  I  think  a  lot  of  people 
could  have  looked  forward  more  energetically,  and  I  can’t  disagree 
with  your  point. 

Chairman  Miller.  Well,  of  course,  you  people  involved  in  a  medium 
of  transportation,  have  the  most  to  be  gamed  if  we  can  do  something 
in  this  field.  Thank  you. 

Mr.  Hechler.  1  hank  you,  Mr.  Chairman. 

Are  you  on  page  7  ? 

General  von  Kann.  Yes,  sir. 

With  respect  to  connecting  facilities,  particularly  intermodal  con¬ 
nections,  I  have  equally  serious  concern.  There  will  be  improvements; 
but  in  the  overall,  the  problems  preventing  improved  access  will  be 
at  let^  as  %rious  as  the  obstacles  to  increase  airport  capacity.  There¬ 
fore  it  is  difficult  to  foresee  any  widespread  solutions. 

Intramodal  connections  may  see  some  improvement,  although  it 
appears  that  new  technology  must  be  brought  to  bear  to  facilitate 
interline  transfers  involvin^ong  distances.  New  techniques  for  trans¬ 
fer  of  people  and  baggage  will  be  needed.  While  it  would  appear  that 
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Thft'itettciri  seiwptieft  akould  ^  ithe  »ep«iiiBfiio|  ter(dlDiolog}c«l 
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.  By  thAt  tame  «ngmei»  wijl  be 

folly  th^  will  be  somewhat  qoieter.  Current  NASA  and  ndUticy 
heU^teehlAdeciioiaareMan^Ahi^^  l)ea«r  fimit  ib]r  tl]^htm}<,|i(9m* 
thekes  tweicannofe  antieipate  a>cb«2^  in  thq  ,proraaUAg  Ameriaan 
aMtodea  toward  teehnol^ical  erogrea^}  these  ii^l  not  isly  ha^^ 
the  acquisition  of  fSAw  airpmri^  oitt  also  the  programs  to  incieasa  aiy^ 
poctcapac^. ^  mu  ;  .■■ 

To  amnmairiiift the  prtiepeote.f»r  the  aiy  it(tiapap<wt  system  in  the 

toreafttesv  it  apoieitto  watrgiireniitto  pi«wnt<level  qf  B.  A  P.  e^^ort,  the 
ieUb^Nii^'lMciNeinS.wiU'Miraosfc  urgent'toward  1980;: 
One,!hadeqxwte0a»toity:idmiQarthrd>iMriKN^.  ..  «• 

Two,  increasiiag^lfaMilty  itt  Sequiclng  new  sites  fqr  major  airporta 
Tima  ifmdeq^teaoeassaysteas  to’iurpoxts  hyi  way  of  ioll^  itons- 
porfcmodeB<n.  r  o'  .'r'’';  /..  >  ■>•>>  .. 

i  Fouig^ereaig^Hdifficulto  in  intramodal  passenger  couDeetiops. 
Fke,:>i»tresmng  difficulty  ;ini  adjusting  sin  transport  ^$^ms  to 
environmental  factors.  '  ^ 

Od  tin)  atom  ilmhi^ithe  aiBitraffic  control'^^tn  twill  be  i^ptooch- 
ing  adoqiiate^:eii|>afcUy,  iet  wigines  will<ibe  aomeH'bat  quieter  and 
nead;^  W^elaBs,  <and  helicopter  and  propeller  blade  noise  wiU  .have 
.Beed'si^tificantlyiieduoed}  “  ■ 

If  this  forecast  is  correct,  there  will  be  an  urgent  requirement  to 
rsdqo»itraffie^  at<major  hdb  airports’  because<of  ntadeqnate  rwu'Way 
ciapacity>'aiid'iiiadeqnate  airpoit  aeoess.  capacity^  Thi^an  turn.>meai)S 
that  there  must’be  greater  use  of  direct  ^flights  betwew  city  paizs^  and 
preferably  between  downtown  areas  where  major  cities  are  comoerned. 
tteljn  byv  VT^L,  STOL,'ahd  i  V/STOlJ  syfetetas  cah  these  needs  be 

It  is  evident  that  during*  toe  early  seventies ’^OLi.teohnolc^ 
wilinprwide  ithe  mtoal  hard^rO  for  developing  these  auaiUaiy 
shmrt^ulleity'.aQDter'tystemA'lhk  willrbe  dae'to.tht  lowto  coBts  ana 
innntdiate;  availability  ■df  STOL'  Sdshm&  'Howevez^  there  aria  tech" 
nieah  ahd  consequent  etodomic’lS Stations  to  S'FOli  which  pfobab^ 
cannot  be  overcome  until  a  practical  V/STOIil^-sUlm  etatogeSi-  ■ 
FbrTdxaihpJe,  ahTTOlr-ainspaft  hasite  mitimuin.  eimttol.  speed,  and 
it  apprUatoto' i^s 'ihdniBiinii  at  the  mtot  oritietl  .pointi  ih  the>  opera¬ 
tion,’ tllei  ffital  spptoato'  and'lwding:  Possibly  thiS’ problem  . may  be 
ovi0Koihe  ar<redum*  W-new  tdohnlques  snch  as  blbwn  However, 
toe  ecopoanic’  toadekms.  remain  .to  bei  seen^  ahd.ior  iSSlrCLt  aircraft 
some  forward  speed  will  always  be  necessa^.  Minuamn  omitM  speed 
will  hbt  fbbu  proUeiB  for  VT®L’sior  V/ST(ML’s  whito,  having  pOw- 
Bred-dift^  and*’e6ntr(d)8ysl|ao»p«SD!Stop”or<even  back  up  md^whioh 
wqi^  no  ^ 

'  The' iijotontialr  ecOndmies' of  STOL  ato  realized  in -piiopeirtion  to 
lin^fa'-of'hmwi^  TOcraikeA'V^  <less)  runitoy  iieqiiina,  the  higher 
the  «aBt  iieeaase  toei  gradeit  toe^mtod '  for '  auxiliary  lift  systems.  At 
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power  ipid  eaotR^  required  approechee  that  of 

W^e  florae  of  theeo  limitations  mav  he  modiAed,  then  is  a  very 
l^nitodien  fai  the  ST(^  temnment  for  ampaoe.  A  doir- 
moriiir  oTOL  may  need  fur  leas  aimaoe  than  a  jet;  howerer,  it 
nee^  far  iiion  thim  a  helioopter  or  V/STOL,  whin  can  he  given 
min  ^filter  apnemg  in  the  an*  (uid  on  the  gronnd,  too)  wh;h  equal 
'flifei^i' 

S^ndtaiMon  inetrumeat  approaches— tiie  hey  toflCdent  nse  of 
iennkml  aiiBpaoe— will  be  hanier  (and  mon  eoatly)  to  bring  off 
trdh  dTOlj’s  beoattee  of  the  mieeiM  approa^  leqaiienkent.  For 
T/STOL  there  ie  really  no  miseed  approan  reqnitement. 

As  for  real  estate,  it  is  fairly  certain  that  V/STOL  systems  will 
r^sdn  kes  than  STOL  systems.  In  view  of  tiiese  economee  and  tech¬ 
nic  tkmtatkms.  H  would  seem  that  unless  V/STOL  reoeareh  and 
develora^t  is  allowed  ta  lapses  n*act  decede  ^oold  see  V/STOL 
pass  SlOL  in  cost  ^footiveness  in  the  high*density  arees.  The  more 
aageerive  the  B.  AD.,  tile  sooner  this  will  come  to  paaa 
^^e  tiMNdd  thomfon  not  dtiay  in  recognizing  the  urgent  require- 
mmit  for  V/STOL  short-haul  sykems  in  the  198 


►*8  to  provide  down¬ 
town  air  txam^rt  service  between  city  pairs  at  stan  lengths  of  up 
to  500  miles.  Aa  tiie  state  of  the  art  improves  these  nage  lengths  will 
increase. 

It  is  reoognraed  that  tiioft-haul  systems  cannot  be  limited  to  down¬ 
town  service,  and  that  some  interconnections  with  lonmr  ranm  serv'- 
iee  must  be  carried  out  at  major  airports.  Whatever  the  ondnems  of 
these  interocmnections,  they  will  be  easier  to  solve  witn  V/STOL 
fliy^tenw. 

Now,  on  R.  A  D.  requimnents  for  the  lOTO’s,  from  this  size-op  we 
cun  now  visoalize  when  our  major  R.  A  D.  efforts  should  be  made  if 
tetiiBOlogy  is  really  to  be  directed  toward  solution  of  our  major 
'l^vro^deuiB. 

As  I  have  indicated,  the  R.  A  D.  needed  for  the  ATC  system  has 
been  or  is  being  spelled  out  fairly  clearly.  What  will  be  needed  here 
will  be  adequate  funds  and  good  qntems  engineering. 

It  has  already  been  reported  to  this  committee  that  more  airport 
R.  A  D.  k  needed.  The  point  was  made  in  the  report  of  the  trans- 
poit^on  weedeshop  of  1907  and  bv  the -National  Academy  x>f  Engi- 
neoring  in  1968  in  ke  ■nnemmont  of  Federal  Oovemment  involvement 
in  civu^Bviatirai  S.  A  D. 

It  ww  also  mads  in  last  year’s  hearings  by  Mr.  F.  W.  Kolk  of 
American  Aiiliaee.  All  I  can  do  is  to  reiterate  the  print  and  emjdia- 
size  that  the  program  has  yet  to  be  speUed  out  I  must  add  that  the 
one  overriding  vlSed  is  how  to  get  local  jurisdictirais  to  woric  together 
fa  airport  planning.  Whether  any  R.  A  D.  can  help  solve  this  prob^n 


'l^ile  connecting  facilities  are  vital  to  the  ease  and  efficiency 
wbSToby  passengers  are  moved  between  sirfdanes  and  other  tran^rt 
mod^  there  seems  to  have  been  a  good  numbm  of  pp{Murate  promts, 
but  lime  m  the  way  of  lystems  beeHuxsh  aimed  a|tniew  conoqpts.  ^us 
Ur  pasten|;er  nw  )be  traveling  at  500  miles  an  hour  while  airborne,  while 
d  fewnnnuteitteter  at  his  deadinetion  he  &ids  himself  in  a  frustrating 


to  nonr«  hijnatlf  and  ius:  baggage  at  a  gnMiod  speed  of  eves 
lam  abhouit. 

iU  1  bahre  noted,  there  are  nany  untiridual  B.  A  D.  project  aimed 
in  this  diceotaon.  For  eaeirmle,  t»a  ATA-IATA  study  on  antoflaatic 
ticketing  and  reservation  will  greatly  improve  the  lot  of  the  passenger 
in  the  ticketing  proeess.  Also^  automatra  baggi^  handling  systems 
aboold  alio  be  of  Talnc. 

There  are  numerous,  local  studies  on  moiving  people  at  airports. 
However,  the  matter  of  interconnection  as  part  of  a  total  systmn  has 
not,  in  my  opinion,  been  effectively  addres^.  If  the  Government  is 
to  look'  at  tranipo^tion  in  the  overall  and  to  seek  greater  balance 
between  tra^pmtation  systems,  thut  matter  of  interconneeting  ahd 
intraconnecting  facilities  needs  additional  attention.  A  few  suggested 
areas  for  R.  &  D.  would  include  more  oomprebensive  origin  anodesti- 
na^n  data  gatlsuing,  studies  on  removing  nonessential  functions 
(and  j)e(^le)  from  auipmrt  promrty,^  human  factors  research  in  the 
txunsfw  process,  and  the  cost  effectiveness  of  air  thsus  ground  di8>- 
ti%ntion  systems. 

As  I  .have  indicated,  toe  concluaon  is  inescapable  that  STOL  and 
VTOL  technologies,  which  Bii|^  well  merge  into  a  single  V/STOL 
teehmdi^  in  the  IfNBO’s,  offw  the  best  prospect  of  relievmg  toe  pres¬ 
sure  on  urge  airports  and  airjMirt  access  sykems  by  providing  short- 
haul  downtown-to-downtown  air  service. 

Because  of  the  large  military  investment  in  V/STOL  (something 
over  $290  millkm  durag  toe  past  15  vea^)  and  the  emdintting  work 
of  NASA,  there  is  an  excellent  technological  base  from  whkto  to  work, 
and  it  is  mirly  certain  that  economically  viable  V/STOL  systems  can 
be  developed  for  this  purpose  at  far  less  cost  than  high-sp^  ground 
systems. 

However,  toe  lectot  environment  in  the  Department  of  Defense  has 
not  b^  favorable  for  continued  effort  in  V/SxOL  B-  A  D.  T^  comes 
at  a  particularly  unfortunate  time,  since  helicopters  curreidly  in 
oiviliaa  service  are  aeomid-generatioD  hdieopters  while  those  coming 
into  toe  military  service  represent  third-generation  technok^. 

If  this  technmqgv  could  be  tcansfeorea  to  civil  applications  the 
results  would  proh^y  be  econmnically  viable  hardware.  Oertainly  the 
next  generation,  which  will  probably  take  the  form  of  compound  neli- 
copt^  should  have  DOC’S  well  within  the  economically  acceptable 
rang^,  that  is,  3-cent  seat-mile  cost  or  less. 

Wiiile  STOL  technology  seems  to  be  receiving  an  adequate  level 
of  effort  in  NASA’s  programs,  it  does  not  wpear  that  to«re  is  a  suffi¬ 
ciently  aggiessive  B.  A  D.  aMack  in  the  VTOL  area  to  malm  the 
small  ad^ional  effort  which  is  needed  to  bru^  this  technology  to  a 
level  whme  it  can  be  integrated  into  a  natkmal  air  transport  system. 

The  praitoUe  reason  tor  this  deheienty^  is  beet  described  in  the 
transportation  workrf^  report  on  pams  251-254.  This  section  is 
ai»rotMriately  tilled  'Tm  Impasse.”  Aner  reading  it^  one  can  only 
-ato  toe  fmatimi  ^^Who^s  in  charge  hare!”  and  the  answer  seems  to  be 
^*nobody.^ 

Ip,  Pl^ulmr  contrast  to  its  exceUent  program  for  applying  super¬ 
sonic  iiecbni^kigy  to  toe  air  tekm^rt  system,  DOT-FAA  has  no  couiv- 
4ei!|Mrt  project  ai  the  short-haul  ma  of  the  speotzum.  It  has  made 
wqrtowhfle  effm^  to  utilise  available  STOL  technology;  but 


there  it  no  ondtMrehettave  preg^nim  for  ft^owup  with  OBefiil  y/S3X>L 
hardware,  for  developiiif  the  auxiliary  elements  which  will  be  needed 
ioe-the  aur  toaffie  eewiirw  syst^  to.  handle  V/STOILb,  and  for  spoil- 
sornig  a  national  protfriih  te‘pi>oelde  tshnneoeseavy  ftoond  envi^- 
misM  when  it  is, neeoM.' ‘  u’"  v  ^ 

Two  Wedbs  l^T  this  mrablem  while  riving  a  lecture  in 

Tokyo  to  the  tHipanese  V/STOL  Keeearch  AMomation.  And:  I  will 
also  offer  a  otfij  of  that  fMtper  for  the  record. 

(The  doonttent  foQows:) 

HaMAsas  n  Mm.  Gaa.  OLtnocr  k  voir  Kiira.  USA  (Ipw.),  Vice  Pnaaenr, 
.  OKiASBHrs  AIQ>  SxBzncttnre.  An  pusaroet  AasociAnw  or  Amwoa.  nr 
Japaii,  .NonncacB  im 


v/aew.  eeoenom. 

It  Is  always  a  ]oj  to  reien  to  yonr  great  and  beavttftii  ceontry,  of  whidi 
I  am  so  fimd  and'far  wMch  Iliavsaach'd^  Mffieet  It  Is  dtOcolt  to  say  whatber 
^a  aitiatta  and  teMlsetaal  acbterementa  of  Japan  or  ita  eormuBle  and  tedi- 
Blcal  progress  are  the  more  Impteetdre.  Both  have  Justly  earned  the  admliatioii 
of  the  wwld- 

I  appnedi  the  sohjeet  of  y/STOI<  nHUi  coasfdendrle  htnnlltty.  There  Is  really 
liitla  that'  1  can  say  triiich  year  illiistrioBs  and  able  Mr.  ByAel  Ito  does  not 
Mieady  hmiw.  .His  stSdy  of  Y/8TOI^  thioagdumt  the  world  Is  the-  most  com- 
prriienai.ve'|gK«gt'<*>C  tte  kind  that  J,  have  eyer  aem. 

In  this  light  my  main  contribnttrm  will  perhaps  be  to  Indicate  what  develop¬ 
ments  I  anticipate  and.  what  important  gnesdohS  abbot  V/3TOL  remain  nn- 
ariswwfeA;''  '  •  i  ^ ;  '  '  '  ' 

^lact  ma'hegtntg  rteftning  my  terms.  When  I  say  VTOCi  I  am  thinking- of  any 
aifcrofti  ttaM  can,  land  nr,;.wke  <df  iwitboot  a  groimd  yon.  Sjty  definition  also 
Incladeatne  ahUl^  te  hovfn.  for  X  donht  that  TTCMf’s  wlU  be  fiilly  eaploltable 
vdthoot  diis  Odpamllty;  ,  • 

A  SQPOi/ilrer^  hy  design  kas  somb  degree  Qf:  )mweied’Ilft  and  eehtroi  and 
requires  a  relatively  short  gronnd  mn  for  takeoff  or  landing.  I  prefer  not  to 
nttienq^ito.g|etansilie  theegadt  amoont  of  ground  ron nt  tl^  time  Mnoe  STOL 
has  not  yeb  been  defined  ttehnnyiUy-Htt  l^ait  In.  any  fenMalJy  accepted  manner. 

or  TTOL’s  wnlch  dan  be  opunted  wiith  a  groandmn  to  take  advan¬ 
tage  of  anfiabie  rttii1raye.iuid  thereby  to  a<dde«e  fnereased  paylOad  tuad/or 
perfonDanee.  Uoat’VTOIM'fueiT/STCMTS;' I  ’bcflgve  that  daring  the  IMd'sad- 
vances':tei''«atoiiaati<ali,'te<imblbgy<  wdjb  being.  VTOI»:and  .ST9Xi  very  ctose 
togetiiCT;  .te<ditecaUy:snd  ecosofplqtfy-  ,  ■ 

Bavuf  .  defined  my  terms,  iheweket  loosely,  I  propose  to  cover  four  main 
toWOe rmOT’ me' gWtdsr  ^  TTOtj.ahid'.STQll;  secondly,  the  status  of  civil  air 
itraiBpblg'U'Vie'  tTnlted  States ^‘tiiirdly,  the  prospects  tor  the  IPTO’s  in  ttw 
Catted. Stated $. and,  finally, >  »,  lew  comglents  on.  ytgir  slWattba  in  as 

I  see  lb  '  ...' 

'Stamt  of  itmdjmfL  in  m  UnUt*  atom 


"  VTOI,  :teehablogy  has  advanced  more  rai^dly  daring  the  past  Id  years  than 
.perhaps  any  aabaopic  ainirill  tgriinology  dozing  ailike  period  in  aviation  history, 
^e  U.S.  P^llartqientof  l^ense  ahme  has  invested  abMt  |2S0  mlUlon  in  V/STOli 
reseat^  aito  dtvelbianeab'It  is  hhfbritmate  that  t^s  effort  was  hot  better 
coofdlnated'dnd  thttiewdatratijetit  to’mOky  tetensl  disagreements.  Nevertheless, 
it  greatly -ddraned  tim  htate  of.  the  ait.  In  addition,  the  National  Aeronatitics 
And  Spate  Adfalnjgtratton  C^ASA),  the  .X^ederal  Avigtion  Administration 
<-B*AA)  u.S,  Inddstrri^d  thO  science  commni^ty  together  have  Invested 
periUpg  anbtiter^lSO’nd^bn.  ‘fian  world  hattons  so^  ad  the  United  Kingdom, 
Vrance,  YTest  CMtettny  ahd'Italy  luwd  made  important  and  lasting  contributions 
to  the  V/STOL  reservoir.  And  the  efforts  of  the  USSR  have  also  been  iihpressiTe 
and.prodjg^e.;-  :  •  i  ■ 

,  tjphe  iModDct  /Ob  Srisrdgtterive.techi^cal  effort  has  betek  a  massive  technology 
lAwir  fbiidijMm^cwinnwI  spglneering  rSfmcmwt  of 'today's  hriJeoptets  and  a 
'Mtibhal  ham  tbV'diMfab  bf'the'tnlM'  gCdMattonf  y/moin  now  emerging  A 
phyrianlrdualfMatJWI  W  thU  toriiDridgy  hank,  is  steii'  in  .hjamerooB  research, 
eTperimentoi,  and  preprodnetton  prototype  V/STOLs  now  flying.  Bach  of  these 


in  tnmtelMidKdiiB^  n^ttoaul  in  varioos 

■tacMioC  uteArtufuial.taatiag.  onrt^^ng  Tailwm'  «u>4^<waCT  If4  wotdi* 

Wa  Ittmf on  inure  » tactoolacicM  aitpMnuuiteft  mamiCa^xKar  and 

patratlal  customer  a  Tariety  of  design  altematlTes  deiimiaing  iqion  his  ^rtteojar 
neeto  i.  .1  . 

After  shcgglug  tadMr’Btecluiotoglcalsapfl^iaafltets,  vtVtteiosrses  is  a  picture  of 
twhaategkMl  aiwimttTOs  to -anivoft.cfmstrBction.and  apecathw,  in  the  mid- 
senrmitles,  of  a  family  adTaaesd  V/8TO]L  macJiiims  in  the  fOv  60  and  90  pa»< 
seng«r  idaee  with  speed,  range  and  payload  coinparal>l(e  to  seTerai  abort  l^ul 
transports  now  in  airline  (deration.  Seat  mUs  costs  couldoe  between  AOi  and  A06 
oompanad  to  flgunes  of  more  than  A07  for  current  scheduled  helicopter  service. 
l%e  tedudcal  and  operati<mal  risks  are  prcdmhiy  leas  than  those  of  the  SST,  and 
comparable  to  those  of  the  jet  transports  inteoducedlntp,  airline  service  ten  years 
ago. 

In  tti*  lOaVa  it  will  be  technically  feasibte  to  ctmgtmct  V/STOIa  in  the  120  to 
200  pasaengor  aiaee  with  speeds  comparable  to.  thoee  of  today’s  snbeoalc  Jets. 
With  qieeds  and  payloads  of  this  magaitnde.  seat  mile  icosts  should  approach 
9X16  and  this  would  penult  highly  proStable  operatlopa.  ntere  is  increasing 
convincing  evidence  that  in  this  time  frame  tibe  tecJbnoiogleal/operational  differ* 
eace  between  STOIi  and  V/STOIi  will  larv^diaappear. 

To  asMSB  the  nde  ef  :V/83Xn>  in  1270-1060  short  ha«l  intercity  trauqiorta^ 
tkm  (600  miles)  the  FAA  (MHnqdeted  a  contract  rtndy  with  McDonnell  in  1066.  In 
thto  study  (“Technical  and  Economic  Evaluation  of  Aircraft  fOr  Intercity  Short 
Ehml ’Traii^ttation”),  and  in  the. mqiporting  effort  (‘.‘An  Analysis  of  Inter¬ 
city  Paaaeoger  Traffic  Movemenit  Within  the  Calif<»nla  cenldor  thronsd>  1880”), 
the  sdiednled  aliihie  use  V/STOD  and  KFOD  gliemffe  la  1276^1960  la  evalu¬ 
ated.  Using  1970  technology  three  r^prescatatlve  V/STOD-desigas  and  one  STOL 
design  ooaflgnred  ta  60.  90  and  1^  paanenger  tramgXHda  are.  nsed.  Special 
V/^XIL  and  SG^OI<  air  fiermlitala  ane.  sited  for  downtown  passengtr  convenience 
and  land  use  compatabOlty  to  the  operatltmal  noise  level.  (Tost  bmi^t 

evaluatton  indudesioperation  in  ttm  UaUfatniaiCVttTidor  cranpared  to  shnnlated 
Jet  transport  operatton  Ibr  the  same  period.  d%e  c<melnslen  of  this  stady  is  that 
‘nhe  time  savl^  Sad  contenleaoe  of  VTOD/SQKHi  airUne  aervloe  would  enable 
these  aireraft  to  capture  a  anbatantid  Aare  of  the  Aorthaai  air  travd  market 
and  would  Induce  additional  air  travd.'* 

It  is  interesting  that  die  FAA4feI>onadl  stndy  diowa  that  both  STOD  and 
yySTCEj  are  eeonemlcaUy  viaUn.  An  earll«  study  by  tiw  Massachusetts  Institnte 
of  Tedmolagy,  (^A  Systataa  Analyaea  of.  Sbort-Banl  Air  Transpoitotioa”)  with 
the  opetatlona  model  set  to  the  .Noitheaat  Oonktor.  todicafes  that  T/8TOLs  haye 
an  economic  advantage  over  STOLs  because  of  the  lower  investment  for  vertlport 
hicilitles.  M^  OB  dds  Ultra. 

Hie  general.‘eonduslen  of  these  two  atndiea— both,  cast  to  gsognphical  areas 
with  erfiittiiF  and  prolltUde  dwrt  haul  maifeets — iai^thafc  regular  V/STOL  Aort 
haul  (under  200  miles)  aervteaWUl  tfvert  revaaju.''j  traflie  frean  auto,  bus  and  rail, 
and  that  adiednledi  V/8TQL  service  wBl  be  iwoffteble  to  the  operators  and 
owners. 

ffhe  aircraft  mannfactdrtog  Induatry  has  also  tahen  a  positton  on  fntnre 
T/STOD  growth.  In  a  1806  report,  “mie  Bconoiaies  of  VTOI/’,  prepared  by  the 
Vertical  Lift  Aircraft  Conndl  of  the  Aircraft  Industries  AssodatioB,  an  analysis 
of  present  andfutn  e  V/STOh  aircraft  capabilities  is  InaA,  especially  of  interdty 
abort  haul  to  the  ndd'setentlcs.  Thto  study  examines  eemhinations  of  routos  up 
to  960  mHe  stage  lengths  todudtog  etty  center  to  dty  center,  dty  centra  to  airport, 
and  airport  to  airport  operadons.  STOD  aircraft  are  not  cmulAred  after  initial 
detennliiatlon  that  total  coals  of  the  laiger,  more  daborato  fadUtieB  required 
are  not  competitive  with  ttie  costs  of  V/8TOD  facilities.  However,  where  runways 
are  aVtdiabie,  A  in  tJm  case  of  operatioas  from  tong  haul  Jet  airports.  It;  is 
recognised  toat  greater  payloads  can  be  carried  by  the  V/BTOL  to  Ae  STOD 
mode  of  (qwcatlon.  The  greater  operational  flexibility  and  lower  vertlport  terminal 
costs  are  determined  to  be  sii^ficant  economic  advantages  for  Ae  V/STOL 
system. 

The  basic  conduslou  of  this  1866  report  still  appear  to  be  sound  alAongfa 
there  is  now  evident  a  growtog  rde  for  true  STOL  tranqxnta  to  Ae  early  187(ys 
M  part  of  Ae  necessary  transition  from  CfFOD  to  V/8TDD  in  Ae  next  10  years. 

Now,  let  me  Aow  yon  visually  a  few  examplee  iff  current  STOL  and  VTOD 
tedmology.  (Film). 
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Here  are  a  flew  Qletarea  of  tbe  4e  BartQam  BvfftOo,  a  tniMataed  rerston  ot 
the  ofiginal  V.S.  JLnay  CofMoa.  Boflalo  teehaotogy  de  HayillaDd  now 

^Uia  to  fo^lntd  protrecUoii  with  a  SlXfe  trampoft  of  abont  SO  paasengen — the 
PHO—T. 

l%e  de  Havilland  Twin  Otter  la  already  in  service  throughout  the  world. 
It  was  the  flint  of  an  laereastagiy  large  number  at  small  18-20  passenger  trans¬ 
ports  As  of  last  December  there  were  50  Twin  Otters  in  scheduled  service  by 
P.8,  eommater  airlines — more  than  any  comparable  type  at  aircraft. 

Next  the  CXr-M  Canadair  tot  wing,  a  V/STOL  engineering  prototype  Oiat  has 
gone  beyond  the  test  bed  stage.  The  tOt  wing  apfMroach  Is  the  most  practical 
conceptual  approaches  to  non-mllltary  V/8TOL.  In  the  United  States  there  is 
great  interest  in  tilt  wii%  technology  on  the  part  of  Boelng-Vertol  and  Ling- 
Temco-Vought,  as  you  will  soon  see. 

Another  technical  approach  Is  illustrated  by  the  British  Hawker-Slddley 
P-llfll — akfo  known  as  the  Marrier.  This  apiwoach  uses  vectorsd  thrust  by  ro¬ 
tating  the  main  engine  exhaust  dUcts  to  iwodnce  downward  thrust  In  the  VTOL 
mode.  The  P-1127  has  been  in  eslstenee  f<w  nearly  a  decacte  and  has  flown  across 
the  Atlaatlc — with  refusing,  ms  is  the  only  V/BTOL  aircraft  now  in  small 
scale  ptodOctlon  (for  the  Koyai  Air  Force). 

Finally,  there  Is  the  liing^mco-Voaght  XC-142.  This  vehhde  Is  nnlqne  in  that 
n  is  an  operatkNial  piUtoype  (about  S  ton  payload)  imllt  by  the  Department 
of  Deflmae,  with  paitidpaticin  by  the  Army,  Navy  and  Air  Force,  so  that  the 
tilt  wing  concept  could  be  given  an  opetatioiial  evaluation.  By  and  large  it  has  per- 
fotmed  weB,  but  Ks  eootmmles  in  its  present  c<»flgnratioa  are  not  suitable  for 
oommericet  uae.  However,  the  manufactwer  ban  attempted  to  illustrate  Ihe 
pbaeMdli^  of  curammleal  nse^  and  this  jpart  of  the  fllm  shoiwa  how  such  a  vAide 
might  loch  if  In  commercial  service.  (IMoffltan). 

The  ocMsmund  heiBcopber  technology  Is  aaready  well  proven  thnmgh  much 
cngbieeiliig  flight  test  in  the  P.S.  fmr  the  military.  Various  manufacturem  have 
proposed  dmlgns  of  commercial  compound  helicopters.  Here  (slide)  is  a  pictare 
of  'Slkorakyh  cmicept  of  a  commercial  passenger  compound  helicopter— the 
8-65-208.'  12118  aircraft  could  carry  86  passengera  a  distance  of  280  miles  or 
60  paesengmrs  a  dtstaJicse  of  600  miles.  No  technological  problem  here,  and  81- 
kondty  woUd  go  Into  production  tomorrow  if  enough  orders  were  to  be  placed. 
(EHldeofT). 

AnotU^r  teiflullca]  appreadi  to  VTOL  is  the  tUttng  rotor  (BUde) — a  concept 
sMjportedby  the  Bdl  Hdleopter  Oorporatkm  which  built  the  first  prototype  (the 
Xv-3>  0>ror'  18  jrears-'ago.  ThW  technology  la  entlrdy  feasible;  however,  the 
slae  of  He  rotor  pradudea  pncthsal  8TOL  operaUons;  so  this  ship  is  VTDL  only. 
(SUdeeC). 

A  more  advanced  concept,  and  one  needing  more  research  and  development,  is 
theho-eaUed  dBK'Sotcr  or  rotor  whig  hehoo^r.  In  He  Hugliea  concept  ( iSUde) , 
the  disc  Is  triangular;  snd  wbeu  the  rdor  Is  stopped  the  heUoopter  becomes  a 
dMta^wfng  aircraft  eapshte  of  sotasoalc  speeds.  ’SbiB  is  a  very  exdting  concept; 
tt  cntffd  be  reallaSd  withH  a  decadb  if  sufikdeni  BAD  funds  were  to  be  made 
available.  (Slide off). 

Just  to  slHW  that  cargo  has  not  bbew  neglected,  I  have  a  few  feet  of  ffim 
showing  Hs  SlkOEtdiy  'BTjlng  Osaneudilcb  is  now  operating  suecessfully  in  the  oil 
drilling operaddns In  northern  Alaska.  (Film). 

FloaBy,  I  have  a  slMs  of  a  hSUetBher  whidi  may  very  well  lead  the  way  to 
VTfID  dlb'*osnter  to  dtrcentcr  service.  Hose  is  the  Oates  twin  Jet  businesa 
heHcopter  sodn  to  go  into  production.  (Slide).  While  it  is  difficult  to  establish 
a  sehedMed-o^enttlQn  between  dtles  I  bellers  that  tbe  advaihages  and  economies 
df  bddsess  opiratioaa  between  dly  centers  will  result  In  early  and  successful  use 
dfbUCfliMrMicoptMsla  this  rde.  (Slide  CMF). 

BXpaSded  uno  of  bdldopteiia  and  compounds  should  be  fadlitated  by  reduction 
in  m^ne  blade  uolset  The  U.S.  Departmmit  of  Defense  is  siq^iortiag  some 
encouri^lng  research  work  by  engine  and  bdicopter  manufacturers. 

Status  of  Civil  Air  Transport  i«  the  United  States 

Am  you  kDOW  Jet  engiae  technology  brought  a  transportation  revolution  to  our 
coontry  ahemt  ten i years  ag<k  Today  most  of  ona  public  intercity  (Slide)  travel, 
is  performed' by  alri'In>  1858  the  airlines  accounted  for  38.3%.  of.  tbe  passenger 
milee  perform^  ^n  pablie  intercity  transportation.  In  1868  the  airlines’  share 
was  72.5%.  In  Intercity  travel  of  200  miles  or  less,  the  private  antoinoblle  is 
still  tbe  most  popnlar  mode  of  transportation;  but  even  here  (he  airlines  have 
madeinroada  (Slide off). 
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This  sawted  tite  wltoto  ftae  wacld.  Twtatj  Teua  tfo,  (•Ude)  in 

JMQ,  tl»«trHBTii  ir**V*f~r  irorid  Amt  about  Vi  bUUoo  paaiwimw  uiUm:  la  1960 
tbe  ntmber  bad  locreaaed  to  nearty  200blUloo ;  by  1080  tbia  6<ure  could  awiroacb 
a  trttUoa  pawarttgar  mlka  tSUdaoff— uaxtalldam). 

Ibaalrfirri^atatkdleaaiaaQoaUyeaeitlat:  8&0vUUoQtonotUealal0d9;4.8 
biUloB  ton  mllea  In  1068 ;  perbapa  80  billion  too  milaa  in  1080;  mon  tf  tbe  new 
gia^  onset  Jeta,  Uka  tbe  X^^OOO.  aie  ntiUned  to  tbMr  full  >eyolati<Mtary  potential 
(SbMbetfl. 

TUs  gsewtb  In  air  tranmost  baa  been  apearheaded  by  tbe  aircraft  and  enginea 
Ftertnnat^,  dnriBO  the  lO^a  the  old  alr^rt  and  air  traAc  oontsol  ayatenu  were 
able  to  aitot^  tbe  increoaod  tralle  wltbout  exoeaalre  attain.  Now,  bowoTer,  tbe 
etraia  baa  beoeaae  exacaatre;  and  today  we  have  a  erlsla  in  airport  and  air  tradlc 
control  capacity— eqiecially  In  oar  blgber  density  areas. 

Let  me  deaertbe  our  problems  la  some  detail  for  an  understanding  of  these 
probteas  la  needed  if  the  fntnie  ia  to  be  aaaeaacd  intellii^Uy. 

I  beliere  we  bare  four  major  areas  <rf  concern  in  tbe  U.S.  air  transport 
system,  lliese  arc : 

1.  Operational  facilities  (airports  and  airways). 

2.  Connecting  facilities  ( inter-modal  and  intra-modal ) . 

3.  Our  effect  on  tbe  enriroiiment  and  thr  quality  of  life. 

4.  Finance  (adiractresultof  tbeotiiertbraei»obleffis). 

With  respect  to  operational  facUltiea  toe  jo^lem  la  complicated  by  differing 
organisatkma  Tbe  Federal  gorernment  is  tet^nsible  for  tbe  airways.  On  toe 
otber  band  airports  are  butbt  and  <qpemitcd  by  a  rariety  «f  local  Jurisdictions — 
sometimes  dlrai^  and  aomedmea  tbrougb  antboHties  deriving  tbeir  ebarter 
from  one  or  more  at  tbe  political  Jurisdictions  tavolved.  Obviously,  this  results  in 
diffbrent  motivations,  different  pressures,  different  ground  rales.  It  does  not 
make  for  rtpndltliniin  srtins  toat  can  rccogniae  and  satisfy  air  transport  require¬ 
ments.  WhetoM  tbe  relatively  new  Departaoent  of  Transrortation  in  the  Federal 
goverament  can  help  to  find  sedutiena  reaialns  to  be  seen. 

The  proMems  of  eonnecting  faeilitfee  are  of  another  type.  Let  ns  first  consider 
inter-modal  connections,  La,  tranidera  between  aircraft  and  other  tranworta- 
tion  modea— taxi,  bus,  llmonslne,  private  auto,  train,  or  subway.  With  few  ex- 
ceptiona,  airport  acceas  ayutems  do  not  smatort  tbe  peak  needs  for  inter-modal 
connections,  and  this  can  make  the  rush  boor  at  onr  larger  bnb  airports  a  night- 
masc  for  tbe  passengers.  Since  the  other  travel  modes  most  be  provided  by  noa- 
aafattiai  Jnriiidietiww  and  since  they  most  also  satisfy  non-aviation  needs,  the 
problems  of  keeping  them  in  balance  with  tbe  requirements  of  air  transport  ate 
staggering. 

But  even  connections  between  aircraft  pose  formidable  problems — at  least  for 
tbe  passengers.  Despite  the  fbet  that  tbe  airlines  spend  a  great  deal  of  time 
and  ^ort  worMag  ont  convenient  connecting  schedules,  these  stbedules  can 
never  be  Meat  for  everyone.  Wbme  the  system  runs  into  serious  delays— ns  it 
often  does  bsdby — toterconnectink  passengers  may  fall  to  make  their  connections 
(notwltiistandlng  earnest  efforts  by  the  airlines  to  protect  their  customers). 

Been  If  there  were  no  pnMems  with  connecting  scbednles,  the  growth  in  air 
traSe,  in  tbe  stse  of  airports,  and  fn  dtetances  between  different  air  carrier  gates 
(this  may  amount  to  several  miles  at  the  new  Dallas/Fort  IVMtb  Airport),  it 
ia  beeoibiBk  more  time  consamlng  and  dlfficalt  for  passengers  to  make  interline 
transfers.  This  preUem  wlB  leqnire  new  airpmrt  tecbnologfes — or  at  least  tbe 
extensioB  af  etxltdlng  ones. 

Blken  hellccpter  connections  between  downtown  and  tbe  airport  have  serious 
pfsMeasin  Ihese  are  necuasarliy  high  cost  air  operatitma  More  serious,  tbe  pas- 
semger  often  hasto  use  another  transport  mode  between  toe  helicopter  (or  STOL) 
and  towaMiner. 

^rnlng  to  the  tUrd  'proUem  area,  our  effect  on  tbe  environment  and  tbe 
quaUtP'  of  life,  titis  is-  the  most  recent  major  development,  perhaps  the  most 
urgent,  and  surely  toe  most  cmaplex. 

Tbe  complexity  is  due  to  cbanging  social  attitudes  in  tbe  United  States.  For 
most  of  toe  last  100  years  we  were  a  nation  dedicated  to  industrial  and  econmnic 
gntwto  throng  technotogical  i»ogreea  To  a  great  extent  people  had  to  get  out 
^  toe  way  of  technology,  and  this  was  not  unreasonable  because  we  had  irienty 
of  room.  If  people  w«e  wtoappy  about  the  no^  (d!  trains,  trucks,  or  boat  whistles 
they  osidd  go  aomewberaelae. 

rBut  now  our  urban  anas  and  many  of  our  suburbs  are  crowded — timilar  to 
tbe  way  in  iwhicb  yours,  are  crowded.  Many  of  our  people  are  having  to  learn 
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toUv«  crawdied  condttjttin,  to  wiilt  in  Use,  to  mske  ti«eoiiiBiodatlon8 

to  one  anOtfi^.  Th^  to  learn  anumitieO'wMch  a  few  geiiiemtfons  ago 

aeOttedleBe  tanportanf. 

At  the  same  time  onr  political  leaAera  and  the  Judicial  eyatem  are  ladStlng 
that  the  eBvtroameatal  needd  of  indlTidaaU  be  glreii  greater  eoaaldmnttloB  and 
that  the  qnaUtjr  of  theit  Hfe  be  protected. 

For  example,  Jnst  a  few  weelu  ago  In  Arllngtoui  Virginia  ui  architect  bnllt 
a  rather  modernistic  home  with  a  box-llke  shape  In  a  neighborhood  cantainlng 
ndddle  class  one  storp  ramblers.  The  new  hmne  offended  tiie  ned^bors  who 
te<dr  him  to  court  AltlSengh  he  had  brokmi  no  laws  or  sonlng  codee^  the  conrt 
ordered  the  architect  ts  move  his  honse  or  tear  It  down,  notwithstanding  an  In¬ 
vestment  of  over  $80,000.  Such  a  conrt  dedsion  wonld  have  been  unthinkable 
even  20  years  ago. 

Almost  equally  snipslstng  was  the  recent  reaction  to  the  Jet  training  airport 
whldi  the  Miami,  Florida  airport  antiioritles  are  attempting  to  bnild  near  the 
Bverglades.  This  project  was  undertaken  innocently  enongh  in  an  effort  to  reduce 
aircraft  noise  and  air  trafSc  congestion  In  the  Miami  area.  However,  a  highly 
emotional  reaction  resulted,  with  many  claims  and  counterclaims  as  to  the 
effect  on  the  wildlife  of  the  Bverglades.  At  this  time  the  true  facts  are  unclear, 
and  so  is  the  ontc<mie.  The  point  is  that  to  an  ever  increasing  extent  technological 
considerations  must  be  balanced  wlik  environmental  ones ;  and  the  air  transport 
system  finds  Itself  in  the  middle  of  this  issue. 

As  you  know  the  airlines  are  under  great  pressure  to  reduce  jet  aircraft  noise — 
even  tboogh  there  is  no  easy  ae  immediate  sointlon.  Noiee  restrictions  at  vartona 
airports  have  already  reduced  die  available  capacity  of  theae  airports.  Recently 
there  has  been  agitation  for  the  alrllnee  to  eliminate  the  bla<^  smoke  exhaust 
from  Jet  engines  even  thongh  this  smoke  Is  negliglblo  as  a  poUntant  and  has  some 
safety  benefits  In  that  it  Inereasea  coasplcnlty  of  onr  transport  aircraft 

Tl^  concern  for  the  environment  is  also  affSeettng  airport  constmetion.  It  is 
becoming  more  and  more  dlfilenlt  to  dttain  approval  of  a  new  airport  site — or  to 
improve  and  expand  mdstlng  airports.  The  benefits  which  an  airport  brings  to 
a  communl^  tend  to  be  forgotten  In  the  strong  concern  for  environmental 
Integrity. 

All  of  these  problen  areas  Involve  tremendons  costa  Some  are  already  borne 
by  the  airllnea ;  others  wlH  probably  fUlew.  Theae  uncertainties  have  raised  qnes- 
tions  as  to  the  future  growtti  and  profitability  of  onr  industry,  which  in  tnm 
affects  the  ability  of  the  industry  to  raise  caifital  for  new  equipment  which  we 
need  for  productivity  and  for  growth. 

Prospeett  for  tie  1970’s  in  the  United  States 

Onr  ^orts  to  solve  ihe  above  problms  will  dominate  the  greater  part  of  the 
next  decade.  1  beUeve  that  the  extent  of  our  success  or  failure  will  be  determined 
largdy  by  the  extent  to  which  V/STOL  technology  is  utilised  in  the  civil  air 
transport  gystem  of  1980.  1  will  now  attempt  to  forecast  the  extent  to  which 
we  will  succeed  or  faiL 

We  need  to  know  only  two  facts  about  operational  fheilities;  (1)  whether 
there  will  be  an  adequate  airway  astern  In  the  next  decade;  and  (2)  whether 
there  wlU  be  an  adequate  airport  system. 

I  beUeve  we  will  acfiileve  adequate  airway  capacity  by  the  late  1970'a  Federal 
user  charge  leglslathm  which  will  provide  the  necessary  funds  is  all  but  certain 
to  be  enacted.  The  tedinology  for  the  necessary  automation  of  the  air  traffic  control 
cistern  Is  available  or  can  be  made  available  in  the  desired  time  frame.  The 
necessary  authority  exists  In  the  Federal  Aviation  Administration.  The  only 
question  lies  In  the  ability  of  that  Administration  to  manage  and  engineer  the 
program.  In  the  light  of  the  background  and  expressed  intent  of  the  present 
Administratmr,  one  must  assume  that  the  necessary  syst«niB  miglaeering:  can  be 
accomplished  within  the  government.  If  not,  some  other  organizational  arrange¬ 
ments  may  be  necessary.  But  I  still  beUeve  that'tiie  Job  will  be  done. 

With  airports  ttiere  Is  less  cause  for  optimism,  mainly  because  it  will  be  nearly 
impossiUe  to  bnild  by  1960  any  new  airports  whose  site  has  not  already  been 
selected  and  approved.  In  short  It  is  no  longer  possible  for  more  than  a  very  flew 
new  airports  to  appear  in  the  IJ.S.  during  the  next  ten  years.  So  while  the  antle- 
Ipated  user  charge  legislation  may  facilitate  airport  financing,  It  wonld  appear 
that  these  funds  will  be  used  mainly  to  improve  existing  airports — actually  to 
stretch  existing  capacity  as  fhr  as  It  will  go  and  thus  to  delay  the  evil  day  when 
the  airport  beemnes  the  nlttmate  bottleneck  In  the  system.  With  the  Jurisdictional 
problems  Involved  In  programming  ttiese  Improvements,  and  the  pressures  of 
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ni^  abatenwiit  efforts  ^w»rd.reduo«d  cspaclty,  it  Is  lAtposjSiUe  to  foresee  ade> 
qoste  capacity  at  the  major  airline  airports  In  the  comiait 

With  newect  toi  <<»niiectiitK  facUitiesi  particularly  inter-modal  ciuinectlons,  I 
have  equally  serious  doubts^  l^re  will  be  ImproTementa;  but  in  the  oyerall,  the 
problems  provmittng  imi^Ted  access  will  be  at  least  as  serious  as  those  facing 
increased  airport  capa^ty.  Therefore  Jt  is  difflcnlt  to.  foresee  any  widemxead 
solatioua. 

Intra-modal  ccKuiections  may;  see  some  improyemsnt,  although  it  SKteais  that 
new  technology  must  be  brought  to  bear  to  facilitate  interline  transfers  iUT(4Ting 
long  distaaeeib  The  AXA/IATA  research  in  automated  ticketing  and  reservation 
will  be  vuebA  bere;,new  tecbnlqiues  for  transfer  (^passengers  and  baggage  will 
also  be  required.  :Whil«  it  would  appear  that  solutions  are  possibly  one  must  ask 
whether  or  not  the  best  way  to.  solve  the  problem  would  be  to  eliminate  or  greatly 
reduce  the  need  for  these  transfers. 

The  problmns  atten^g  our  effect  on  the  environment  and  quaUty  of  life  will 
probably  be  with  us  firing  the  coming  decade  and  beyond.  PosslUy  the  latter 
seventies  will  see  the  beginning  of  some  technological  solntlons  to  these  problems. 
By  that  time  jet  aircraft  engines  wm  be  virtually  smcdceless.  Possibly  they  will 
be  smnewbat  quieter.  Current  military  helicopter  ,  blade  noise  research  should 
bear  fruit  by  that  time.  Nevertheless  we  cannot  anticipate  a  change  in  the  pre¬ 
vailing  Ammrtcan  attitudes  toward  technotogical  change;  these  will  not  only 
hamper  the  acquisition  of  new  airports,  but  also  the  programs  to  increase  capac¬ 
ity  at  existtug  airports. 

To  summarize  the  prospects  for  the  C.S.  air  transport  ^stem  in  the  seventtes, 
it  appears  that  the  foUorring  iwoblems  will  be  most  urgent  toward  1060: 

1.  Inadequate  capacity  at  major  hub  airports. 

2.  Contiaued  ^yBcuity  in  acqnlring  new  sites  for  major  airports. 

3.  Inadequate  access  to  airports  and  aircraft  from  other  tianmwrt  modes. 

4.  Difficulty  of  intra-modal  passenger  connectlona  v 

On  the  sther  hand  the  air  traffte  control  system  will  he  aigtroacblng  adequate 
capacity,  jet  engines  wUl  be  quieter  and  nearly  smokeless,  and  helicrqoter  blade 
noise  will  have  been  signlflcantly  reduced. 

If  these  conditions  prevail  It  becomes  dear  that  there  will  be  an  urgent  re¬ 
quirement  to  reduce  traffic  at  major  hub  airports  because  of  inadequate  run¬ 
way  capacity  and  inadeqnateairport  access  capadty. 

l%is  in  twa  means  that  there  must' be  greater  use  otf  direct  flights  between 
dty  pairs,  and  preferably  between  downtown  areas  where  major  dties  are 
concenied.  Oidy  by  PTOL,  STOL,  and  T/STOL  can  these  coming  needs  be 
satisfied. 

It  la  evident  tbat  during  tbe  early  seventies  STOL.  technology  will  provide 
tbe  hiitial  hardware  for  developing  these  auxiliary  short  haul  dty  center 
systema  This  will  be'  due  to  lower  ccists  and  immediate  availability.  However, 
it  must  be  recognized  that  there  are  tedinical  and  consequent  economic  limita¬ 
tions  to  STOXr  which  probably  cannot  be  overcome  nntil  a  practical  V/STOL 
system-emerges. 

A  STOi;  (dreraft  has  Its  arinlmum  cCotrol  speed,  and  it  approaches  this  mini¬ 
mum  at  the  most  critical  ^Int  In  the  operation — tbe  final  approach  and  landing. 
Possibly  this  problem  may  he  overcome  or  reduced  by  new  techniques  such  as 
blown  flaps;  however,  the  «"xmomlc  trade-offs  remain  to  be  seen.  For  STOL 
aircraft  some  forward  speed  will  always  be  necessary.  Minimnm  control  speed 
is  not  a  problem  for  VTOLs  or  V/STOts  which,  having  powered  lift  and  control 
systems,  can  stop  or  even  hack  up,  and  which  require  no  runway.  1  believe  that 
more  attention  shotdd  be  paid  to  the  technical  papers  of  Walter  P.  Malersperger 
of  our  Hesearch  Analysis  Corporation  In  this  regard. 

This  raises  another  point  of  great  Interest  The  potential  economies  of 
STOL  are  realized  in  Inverse  ratio  to  length  of  runway  required.  The  less  run¬ 
way  required,  the  higher  the  cost  At  what  point  does  the  cost  curve  approach 
VTOL  costs? 

Since  a  STOL  neete  at  least  some  ground  rttn.  It  has  erosswlnd  and  turbulence 
problems  at  least  equal  to  other  flx^  wing  aircraft;  and  there  will  be  times 
when  STOIjb,  too,  go  &ll  the  side  of  the  runway.  This  raises  a  question  about 
the  practicality  of  downtown  rooftop  operations 

Speaking  of  rooftop  operations,  these  present  no  operational  problems  for 
mnltl-englne  V/STOLcr;  however.  It  remains  to  be  seen  whether  wind  and  tur¬ 
bulence  conditions  In  the  vicinity  of  rooftops  win  pose  operating  problems  for 
STOL  aircraft  The  pinnacle  approach  Is  no  problem  for  tbe  helicopter.  What 
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It  miy  be'to  a  S/TOh  at  tbe  time  of  the  flare  and  initial  touchdown  to  a  rooftop 
ronway  needs  investiflatton. 

OCMs  in  turn  raises  another  possible  limitation  with  BTOLi  operations — that 
of  the  steep  gradient  approach.  If  STOLs  are  to  approach  at  6*-7H*,  the  flare 
mnst  be  executed  at  precisely  the  right  altitude,  particularly  under  tow  visibility 
condlttona  Leaving  out  the  possibility  of  iflnnacle  wind  effects,  this  operation  will 
probably  require  fairly  sophisticated  co^plt  equipment.  (The  pilots  will  prob¬ 
ably  Insist  on  sucdi  equipment).  Here  again  a  multi-engine  V/STOL  can  handle 
much  steeper  gradients  (up  to  12* )  with  safety. 

’While  some  of  these  llmltattons  may  be  street  to  modifleation,  there  is  a  very 
definite  limitation  in  the  STO(L  requirement  for  airspace.  A  stow  moving  STOL 
may  need  far  less  airspace  than  a  Jet;  however,  it  needs  far  more  than  a 
V/STOL,  which  can  be  given  much  tl^^ter  spacing  in  the  air  (and  on  the 
ground,  too)  with  equal  safety.  Simultaneous  instrument  approaches — the  key 
to  efllclent  use  of  terminal  airspace — will  be  harder  (and  more  costly)  to  bring 
with  STOLs  because  of  the  missed  approach  requirement — ^whlch  for  V/STOL 
is  not  really  a  requirement 

As  for  real  estate  it  is  fairly  certain  that  V/STOL  systems  will  require  less 
than  STOL  systems.  In  view  of  these  economic  and  te^nical  limitations  it  would 
seem  that  unless  V/STOL  research  and  development  is  allowed  to  lapse,  the  next 
decade  should  see  V/STOL  pass  STOL  in  crat/effectiveness.  Tbe  more  aggressive 
the  RAD,  tbe  sooner  this  will  cmne  to  pass. 

We  should  therefore  jflan  on  y/SfiOli  short  haul  systmns  in  the  1080’s  to  pro¬ 
vide  downtown  air  transport  service  between  dty  pairs  at  stage  lengths  of 
up  to  6C0  miles.  As  tbe  state  of  the  art  improves  these  stage  lengths  will  increase. 

It  is  recognized  that  short  haul  systems  cannot  be  limited  to  downtown  service, 
and  that  some  tnterconnectkms  with  longer  range  service  mnst  be  carried  out 
at  major  airports.  Whatever  the  problems  of  these  Interconnections  they  will  be 
easier  to  solve  with  V/?TOI.<  systems. 

While  there  are  nnmerom  iiardware  approaches  to  commercial  V/STOL,  a  low 
noise  level  is  such  an  important  requirement  as  to  dominate  the  list.  This  means 
tow  disc  loading.  Thus  the  compound  helicopter  continues  to  be  my  choice 
for  the  first  Intercity  downtown  to  downtown  V/STOT.  service. 

Whether  we  are  considering  the  STOI«  of  the  19708  or  the  V/STOLs  of  the 
1980b,  it  is  evident  that  these  vehicles  must  be  reasonably  large  in  order  to 
keep  tbe  DOGs  tow  and  for  easier  interfacing  with  tbe  higher  capacity  Jets.  It 
is  difficult  to  specify  the  optimum  slae,  but  1  would  assume  that  as  time  goes  on 
and  traffic  continaes  to  grow,  the  capacity  and  iHXNinctivlty  of  the  vehicles 
sbould  also  continue  to  grow,  a  time  honored  phenomenon  in  air  transport. 

Coming  OperatioM  in  Japan 

I  am  Informed  that  at  this  time  your  interests  in  V/STOL  are  directed  mainly 
at  service  between  the  new  international  airpMt  at  Narita,  downtown  Tokyo, 
and  Ohofn.  I  am  further  informed  tbat  the  initial  service  wUl  probably  be  pro¬ 
vided  by  STOL  aircraft  because  of  the  more  favorable  economics. 

Apparently  your  {flans  do  not  envision  rooft^  operations,  and  I  mnst  agree 
with  this.  We  need  to  know  a  great  deal  more  than  we  now  do  before  it  will 
be  prudent  to  take  STOL  aircraft  to  rooftc^  levels — or  even  to  runways  on  piers, 
for  that  matter. 

In  considering  the  i>roJected  {tassenger  flows  at  tbe  new  airpert,  I  have  used 
a  talfle  which  was  presented  at  the  lATA  Seventeenth  Technical  Conference  at 
Lucerne  in  October,  1967.  (Slide).  It  forecasts  tbe  hourly  {wssenger  flow  for  the 
New  Tokyo  Internati<mal  Airport  In  1976. 1  presume  tbat  a  more  current  forecast 
would  not  be  too  different.  One  notices  immediately  that  daring  only  one  hour  of 
the  day — from  1800  to  1900— is  there  a  balance  between  arriving  and  dei>arting 
passenger.  During  the  other  hours  there  will  be  a  tendency  for  the  STOL  service 
to  be  running  very  light  loads  in  one  direction  or  the  other. 

'The  other  problem  tbat  I  see  from  this  forecast  is  tbat  of  peaking.  Tbe  hourly 
avmage  for  enplaning  {tassengers  is  434,  and  for  deplaning  passengers  it  is  446. 

Yet  during  the  1700-1800  hour  there  will  be  almost  1300  arriving  passengers, 
and  over  1700  from  2100  to  2200.  This  raiaes  questions  as  to  what  the  maximum 
level  of  STOL  service  should  be,  and  what  can  be  done  to  utilize  the  equipment 
profitably  during  the  lesa  busy  periods.  ( Slide  off) . 

Now  it  would  be  presumpttous  for  me  to  try  to  suggest  solutions  to  these 
.problems.  The  point  is  that  they  have  presented  themselves  before,  they  have  been 
aolved  before,  and  I’m  sure  that  they  will  be  solved  here.  They  must  be  solved 
if  the  passengers  are  to  be  spared  an  intolerable  long  ground  » between  Tokyo 
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■ad  Naitta-r*  tri|»,wlilch  will  laat  aa.loiK  ft  takaata  traverm  tba  ftrat.lOOO  luUiw 
acrofls  the  Pacific.  .  j. 

Thma  iai  h  ;cclataft  proUeift— and  one  trbicb  wllf.deiitand  cr^'ive  inoOTatioa 
<m  your  part — this  is  the  question  of  schedule  frequency  and  BTOL  flights  avail- 
abie.to  atrtTtng  Intenuuttonal  passangem.  A»  we  know  it  fa  dfffcult  to  predict 
westbound  arrival  times  with  accuracy.  It  ia  also  dilHcalt  to  ^Mwcast  how  leng 
tt  wUl  take  to  clear  customs  and  Imml^ation.  At  Kennedy  this  prooess  may  vary 
from  40  minutes  to  an  hoar  and  a  half.  Iffin  wllf  have  to  do  hotter  than  this  at 
yoor  new  Intevnattonal  airport  If  thm  is.toho  aneyeiO  flow  of  arriving  passengers 
proceeding,  from  Ineoming  Jets  to  the  £^OI>  aircraft  bopad  for  Dekyo.  I  would 
hope  that  during  the  next  few  years  we  imiwove  facilitation  procedures— using 
preclearance,  if  necessary— to  a  point  where  there  la  mlnlmnro  deify  in  processing 
arriving  paasengen. 

In  any  event  It  would  appear  that  you  will  have  dUBcnlt  decline  ahead  with 
rermect  to.  slalng  and  frequency.  As  I  have  said  the  larger  aise  BTOLs  and  V/8TOIe 
make  sense  economically.  However,  they  iwovide  leaa  flexibility  tbtui  do  smaller 
aircraft  providing  greats  frequency.  Where  to  draw  the  line  calls  for  great 
wisdom. 

Now  in  makliuc  these  decisions  I  hope  you  will  not  be  discouraged  by  the  re  cut 
discontinuation  of  STOL  service  between  airports  in  the  Wasbington-BalUmore 
area.  There  are  many  differences  between  that  situation  and  the  Tokyo-Narlta- 
Gbofu  idctnre.  For  one  thing  the  distances  involved  in  the  Washington-Baltimore 
area  are  relatively  short,  so  the  airplane  has  less  advantage  over  ground  tran.<por- 
tatlon.  For  another,  the  roads  in  the  Wasldngton-Baltimore  area  are  very  good ; 
even  In  the  rush  hour.  It  rarely  takes  more  than  45-50  minutes  for  ground  travel 
from  downtown  Washington  to  Dnlles  or  Friendship  airport 
It  thatefore  seems  to  me  that  the  two  situations  are  quite  different,  and  that 
air  oonnectkMis  here  should  provide  a  far  more  useful  puMlc  service  than  any¬ 
where  else  in  the  world — suitable  result  In  view  of  the  thorough  and  careful 
studies  which  Mr.  Ito  has  made 

In  forecasting  a  successful  8TOL  service  here,  however,  I  must  add  thiM:  I  fore¬ 
see  this  service  as  an  interim  arrangement  which  will  be  replaced  by  V/BTOL 
service  in  the  early  lOSO’s  as  V/STOL  economics  overtake  those  of  STOL.  For 
the  reasons  I  have  outlined  above,  the  greater  flexibility  of  V/STOL  In  the  air 
and  on  the  ground.  Its  ability  to  penetrate  built  up  urban  areas,  its  greater 
safety — It  is  only  a  question  of  time  before  this  transition  becomes  necessary. 
However,  it  is  appropriate  and  wise  to  initiate  the  service  with  STOL ;  and  this 
is  a  pattern  that  will  occur  with  great  frequency  in  the  United  States  in  the 
decade  ahead. 

In  many  respects  your  needs  for  eflldent,  short  haul  air  transport  are  the  same 
as  ours.  We  will  be  watcblng  with  much  Interest  how  yonr  STOL,  V/STOL  needs 
evolve  during  the  next  few  years.  And  certainly  we  hope  we  may  continue  our 
cooperative  efforts  to  plan  and  create  V/STOL  systems,  in  the  next  decade. 

I  thank  you  tor  the  opportunity  to  offer  you  these  observations. 
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General  von  Kann.  Since  there  doesn’t  seem  to  be  a  national  pro- 
fop  bringing  V/STOL  into  the  system,  but  since  I  also  feel  that  it 
has  to  enter  the  system  at  some  point  m  time,  I  forecast  that  this  will 
occur  during  the  1980’s.  A  very  distinguished  Japanese  airline  official 
said  to  mcj  ‘^ow  can  you  affora  to  wait  until  the  19^’s?”  I  could  not 
answer  this  t[uestion,  but  I  can  repeat  it  to  this  committee  with  the 
comment  that  we  need  V/STOL  now.  We  could  have  it  now  had  we 
moved  aggressively  in  the  past,  but  at  the  rate  we  are  going  it  will  be 
another  10  to  15  years,  which  will  be  far  too  late. 

Mr.  Hkohler.  At  that  point,  what  precisely  is  needed  now  in  order 
to  do  what  you  are  stigmstinfr? 

General  von  KANN.Tnave  recommended  in  the  past,  sir,  that  within 
DOT  or  FAA,  the  matter  of  the  problem  of  bringing  V/STOL  into 
the  air  transport  system  be  looked  upon  as  a  sin^e  overall  problem, 
and  the  various  objectives  and  subprograms  in  three  fields  be  laid  out, 
what  needs  to  be  done. 

First  of  all,  there  would  be  the  hardware  development.  What  needs 
to  be  done,  there  to  bring  about  economically  viable  hardware.  Sec¬ 
ond,  in  the  air  traffic  control  system,  what  needs  to  be  done  so  that 
the  system  can  accommodate  these  kinds  of  aircraft. 

And  finally  whkt  can  be  done  at  the  national  level  to  insure  that 
there  will  be  a  ground  environment  which  will  take  V/STOL’s.  Bight 
now  agun  in  many  local  jurisdictions,  there  are  restrictive  laws 
and  ordinances  beiim  enacted  which  10  years  from  now  will  probably 
make  it  more  difficult  than  ever  to  bring  this  kind  of  air  transport  into 
the  ci^  center  airports. 

So  1  think  studies  are  needed  or  actually  data  gathering  should  be 
initiated.  A  great  deal  of  O.  &  D.,  origin  and  destmation  information 
is  needed.  Wq  shot^  be  starting  to  gather  the  data  bank  so  that  we 


can  find  out  where  the  people  ate  doming  from,  what  kind  od  translegre 
win  be  needed.!  ^ 

In  other  trordsj  fa  eseeUent  effort  was  made  in  the  Gtoirenunent  to 
bring<siq>eiteallk!teehhdlog;!intoithetqntam,iand  I  applMSd  H  iriih 
all  my  heart  and  iFgreatly  regret  the  problems  :niat  they  nave  in  keepi 

Sthe  program  going.  But  1  >cahnot  nndentand  <  why  at  the  othw 
of  the  iqwotrun^  the  short'haid  end,!  which;  ia  ettteUy^iiaiKirtant^ 
som^  if  not  exactly  parallel  effort,  iacrnte  oompera^  effctrt<  is  not 
sdviaable.  .  ! .  .i;..  - 

.  I'sae  many  pitnecta  in  FAA  bearing  on  this  subject,  but  I  dmi’t  see 
it>all  being  {mllea  together. in  a  tystemlike.  way,  and  that  again  raises 
the  quesdcHi^  who  is  in  chai^  t  And  m  oneoi  my  former  papers,  I  even 
went  so  far  as  to  recommend  that  th^  ought  to  be  an  associate  admin* 
istrator  of  FAA  for  V/STOL  systems.  r  ,  ' 

This  is  the  kind  of  approach  1  would’ like  to  see,  and  if  it  is  there, 
I  have  not  identified  it,  at  least;  <  ’  : :  - 

Mr.  HEGHinn  -As  you  know,  this  I  committee  and  members  of  this 
committee  have  frequfflatly  made  the  obtervatimi  that  we  should  have 
a  national  aeronautics  and  aviation  poli<gr  »iuneiated  at  the  highest 
level.  Do  you  feel  that  if  we  did  have  such  a  policy  that  it  would  be  of 
any  assis^de? 

Genffind  VON  Kank.  I  ^link  it  would,  sir,  apd  I  have  been  encouraged 
by  s(Hne  of  the  testimony  earli^  in 'the  course  of  these  hearings.  As  a 
matter  of  fact,  as  I  will  point  out  in  my  clcmi^  para^paphs,  I  think  a 
lot  is  underway  how  lin'  the  joint  DOT-NASA  study,  and  in  what 
^pears  to  he  the  future  course  of  the  Naticmal  Aeronaulacs  and 
Space  Council,  to  bring  about  this  sort  of  a  grasp  of  the  problem,  and 
as  a  policy!  statement,  and  I  am  very  much  encouraged  by  these 
developments.  i  ,  ’  ‘  . 

I  h^e  th^fi keep  moving.  ' 

Mr.  HEomsifc.  Thank  you.  You  may  proceed, 

Gfflieral  VON  KAsrar.  Yes,  sir.  ^  . 

Now,  as  to  the  problems;  attending  our  kapaet  on  the  environment 
and  the  quidity  6f  life,!  I  wipect  that  these  laay  not  seem  serious  in 
ocmtrast  with  those  of  other  industribs.  On  >the  other  hfnd,  th^  are 
very  serious  for  us  because  they  can  affect  Our  economic  viability. 

In  our  effect  on  the  envh-Onrtent,  the  principal  areas  of  difiSculty^ 
appear  to  be  jet  aircraft  engine  noise  and  the  imminence  of  the  scmic 
boom  which  is  efxpected  to  accompany  commercial  supersonic  flight. 
While  we  are  having  kkne  dMicutfy  at  this  time  because  of  the  smoke 
emitted  by  certain  jet  engines,  this  is  largely  a  problem  of  esthetics 
rather  than  chemical  pollution  of  the  air;  and  because  of  the  voluntary 
industry  programs  mentioned  earlier,  all  jet  engines  will  be  smokeless 
well  before  the  end  of  the  coming  decade. 

The  reduction  of  jet  engine  nmse  is  a  much  more  serious  problem 
and  calls  for  an  even  greater  R.  &  D.  effort  than  we  have  seen  to  date. 
The  statement  sulnnitted  last  year  by  Mr.  B.  W.  Eununel  of  Trans 
World  Airlines  provides  an  excellent,  summary  as  to  where  expanded 
R.  &  D.  programs  aimed  at  noise  suppressicm  are  required.  Nothing 
that  I  can  say  can  improve  upon  Mr.  Rninmd’s  ^atement. 

The  .subject  of  sonic  boom  generated  by,  supersonic  aircraft  has  b^n 
the  sulq'ect  ’of  so  much  uninformed  diseusaioh  that  one  is  loath  to  raise 
the  matter  at  all.  On  the  other  hand,  it  would-seeih  that  a  greater  ^ort 
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mm  to  «h9eiistmid«6mc>b<MMm  aind  'fiiMl  oat  how  to  ndaoe  their  signa¬ 
ture  would  psj  trraaendous  dividends  in  about  10  years  ithmi  super- 
sdnio  ’OMUawtoiid  air  hbnsport  beohmea  ecnninonplabe.  The  current 
letrt  <rf  etfaitfwemsi  to  be  wtoeribi  and  it  iedifiimlt  to  believe 

Hjeohld  not  be  stOM)^  up  by  orders  of  magnitude. 

&fr.  I&oaiiaiL  Ov>  oeum  all  the  official  statements  are  that  the 
ehtdc  boom  phaMem  by  SST'w  liot  eoing  to  eocist,  because  it  is  hot 
gohog  to  fly  over  ^  eontinental  United  States. 

General  von  Kann.  Well,  we  should  also  have  the  objective, 
tbou^yol  huiking  ithe  SST  a  good  n^hbor  over  land  areas  as  well  as 
over  water  ineas  or  desert  areas.  I  agree  that  it  can’t — the  sonic 
bomn  bailor  what  it  uh-dtut  I  believe  we  have  a  problem  there  that 
we  dumld  M  t^ng  hardi^  to  sol  ve. 

My  conoludi^  oomment&  sir. 

While  I  have  attempted  to  describe  the  general  areas  requiring 
additional  civil  aviation  R.  &  D.  effort  from  the  standpoint  of  the 
realities  of  the  next  decade,  I  must  point  out  that  nothing  I  have  said 
is  really  new.  Ihe  airline  group  which  appeared  before  this  com¬ 
mittee  last  year,  and  of  whiw  I  nad  the  honor  to  be  a  member,  made 
virtually  all  the  same  points. 

The  Transportation  Workshop,  which  was  organized  in  1967  and 
produced  an  excellent  rmort  in  1967,  covered  tiieee  same  areas  with 

rat  competence.  Finally,  the  National  Acad»nv  of  Engineering 
its  1968  report  eoftend  the  same  list  in  a  somewhat  more  abbrevi¬ 
ated  fashion,  what  otmcems  me  is  the  fact  that  during  these  2  years, 
while  an  these  ^vblems  were  widely  recognized,  civil  aviatim  R.  A  D. 
prog^rams  wpes^  to  have  changed  but  little. 

It  therefore  seems  to  me  that  the  ^phasis  needs  to  be  on  action 
rather  than  on  farther  testimony.  Yet  I  do  not  want  to  imply  that 
nothing  is  being  done.  As  I  have  jointed  oat,  the  necessary  R.  &  D. 
in  air  traffic  control  has  been  ^iled  out  project  by  project. 

Further  lack  of  action  here  will  rimply  be  an  admission  that  air 
congestion  is  not  rem^ed  as  an  important  problem.  There  has  also 
hem  movement  in  the  cflalogue  betyreen  DOt  and  NASA  which  has 
ifeeulied  in  i  jokit  un^retanding  between  these  two  organizatiims 
on  how  to  approach  civil  aviation  R.  &  D.  This  understanding  is 
followed  Up  by  the  joint  DOT-NASA  civil  aviation  R.  &  D. 
p^cystu<%.  .... 

Tins  study  should  produce  a  more  careful  definition  of  the  specific 
projects  needed  to  flesh  out  the  genial  problwm  areas  I  have  dis¬ 
cussed.  It  is  very  important  that  this  study  be  suppOT^  <hi  a  high 
priority  ^is^and  tins  committee  should  interest  itself  in  the  results, 
i^h  as  to  timeliness  ftfidcointent.  , 

While  my  remarks  have  been  directed  mainly  toward  R.  &  D.  in 
relation  to  the  operational  and  environmental  aspects  of  the  air  trans- 
portaticUi  system,  I  do  not  intend  to  imply  that  R.  &  D.  directed 
toward  further  increaung  the  safety  and  productivity  of  cimven- 
tional  airplanes  is  not  important.  Many  items  in  this  area  were  men¬ 
tioned  in  last  3roar’s  testimony  by  airline  representatives  and  in  the 
1968  report  of  National  Academy  of  Enmneering.  Undoubtedly 
they  wul  also  be  included  in  the  joint  DOT-^NASA  study. 

r  ain  encourMod  by  whstt  seems  to  be  an  increased  effort  on  aero¬ 
nautical  R.  A  D.  in  NASA;  however,  I  must  state  quite  frankly  that 
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ittor»  work  needs  to  be  done  to  insure  tkat  NASA  programs  are 
leaiKmsiTe  to  iiswi»qiureiBent&.|^QS8ihly'tlie  lX>Tr-NA$A  study  will 
produce  {wMtiTo  resultp  in  thk  raspect, 

Aud  i  aaight!  say,  sir,  tkat  since  I  drafted  tbeee  remaiks.  I  kave  bad 
tket^f^poiiunity  to  see  Mr.  Anders’  testimony  of  last  wew,  or  was  it 
esddier  iihis;wnwl  And  here  again,  I  see  an  eacouEas^  mgn  in  the 
aprarent  direction  of  the  National  Aeronautics  ana  Space  Council, 
again  I  hope  that  these  two  efforts  do  a  great  deal  to  spur  on 
this  policy  statement  which  you  suggei^ed,  and  the  need  for  which 
I  heartily  suscribe  to. 

.  As^  thie  ooBinuittee  Iraoirs,  the  ;  world  leadership  in  aviation  which 
we  ihttinerly  enpqrcd  witiiout  qusstimi  can  no  bu^r  be  taken  for 
granted.  If  we  1^  our  technical  superiority  it  will  be  a  disaster  both 
mHiterily  as  well  as  eoononucsUy.  The  Mvei  of  edlort  m  our  civil 
aviation  B.  A  D.  in  the  seventies  will,  I  think,  be  the  decisive  factor 
in  whether  we  MI  or  prevail. 

Thank  you,  sir. 

Mr.  HsmuR.  Ihank  you,  General  vcm  Kann.  I  appreciate  very 
much  the  thoroughness  of  your  statement,  and  also  I  appreciate  your 
tolerance  in  terms  of  our  interrupting  yon  during  it. 

Ganaral  voir  KawN.  Noprobl^n,sir. 

Mr.  HncHinB.  It  was  so  challenging,  some  of  the  things  you  said, 


.Tf  mm  rr.igo  tinmAm* 


questimia  you  would  like  to  ask?  If  not,  I  would  like  to  pose  this 
question. 

General  VON  Kann.  Yes,  sir. 

Mr.  Hmuutau  How  much  do  you  pay  attention  to  cargo  in  your 
association! 

General  von  Kann.  Wdl,  quite  a  bit,  sir.  I  may  have  to  submit 
something  for  the  record  hei^  oecause  my  own  department  is  not  the 
main  dement  in  looking  into  this.  But  our  association  was  very 
active  in  the  work  to  standardim  the  omtainers,  which  of  course  has 
a  marked  effect  on  canro  economics. 

Mr.  Wdd,  I  am  not  so  much  interested  in  the  details  of 

how  y<Mi  transport  cargo,  as  how  you  equate  the  means  of  transport¬ 
ing  cargo  with  the  very  problems  that  you  raised  here,  about  air¬ 
ports,  for  example^  It  seems  to  me  that  you  ought  to  think  of  this 
whole  picture  in  terms  of  the  eowiomy  ana  your  moving  cargo  as  well 


You  can’t  sim{dy  say,  well,  we  will  push  that  problem  aside  and 
have  a  separate  airport  out  here  for  cargo  and  another  one  here  for 

^**^neral  von  Kann.  No,  I  don’t  think  we  are  going  to  be  able  to 
push  it  aside,  because  the  planes  just  don’t  come  out  the  right  way  for 
that.  All  your  big  new  jets  coming  into  the  system  will  have  a  lot  of 
room  in  their  bellies  for  cargo,  and  this  will  have  to  be  don& 

Mr.  Hbohlbr.  Considering  cargo,  and  cranking  that  into  the  total 
picture,  would  you  make  any  further  observations  on  the  problems 
that  you  have  raised  here  ? 

General  von  KANN-  TYell,  they  are  certamly  part  of  the  problem, 
sir,  and  what  I  would  like  to  do  is jrorhaps  to  go  back  and  see  if  we  have 
some  material  pr^red  that  couldoe  submitted. 

Mr.  Hechler.  That  would  be  helpful. 
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.CtoQural  yoN  I^JTK.  Bri^ng  the  eaigo  part  into  thiB,_  which  is 
largely  passragOTtmcttitedi  i  win  aetnally  all  ^nk  of  the 

paasens^  first,  because  they  are  htmtan  the  cargo  mb^ 

'  MrTHeWatt.  Thdtt  hi  B  rery  hhportant  factor  in  the  derdiopment 
of  bur  econohiy,  hnd  it  is  going  to  m  wHh  ua  I  jtM  want  to 

sure  ^  hntieilpste  borne' of  pio  jitoblenb,  p^fsical!  and 
ottorwise.  ■  *'  ' 

General'  vow  ElaWW.  A  lot  of  woik  haa  been  ^000  and  1  will  r^>ort 
on  that  f  Or  the  recor<#,  s5r. 

Ifr.  Hbohusl  Tha^  you. 

Mr.  GkahyATBa.'!  do’^  have  a  question.  There  has  been  a  lot  of  talk 
about  air  ty^e  ^Utrol,  the  pr^l^ns  of  bongeetkm  and  inadequate 
ayttoms.  What  ia^at^tn^  OT'&e  Air  TranijMrt  Asaoeiation  toward 
tim  pdssiblKty  'Of'idlavlatS^  shine  of  these  ^oblems  by  plaleing  the 
responsibility  iU  the  cockpit  instead  of  on  the  ground,  or  rather  more 
of  itintothecoc^iti  ‘ 

I  am  not  saying  that  ,  the  pilots  d<m’t  do  an3^hing.  Bn^  thMe  has 
been  talk  of  hiist(md  Of  {hitting  all  the  responsibilify  lor  traAb  on  the 
grOnnd,  putting  ft  in  cOckjiit. 

Greneral  vow  KAftWi  Yes.  Well,  there  is  some  thought  along  this 
line,  and  this  can  be  done.  As  a  ma^r  of  fact,  there  are  some  proposals 
in  our  study  he^,‘  hi  that  regard!  For  example,  we  have  suppbrtM  the 
use  of  area  navi^tion  syst^s,  which  is  reafly  a  high-class  word  for 
knowing  more  accurately  in  the  cockpit  where  you  are  in  relation  to 
the  ground. 

And  we  support  the  idea  that  by  the  use  of  th^  ^sterns,  you  can 
take  a  great  deSi  of  ‘  Workload  off  of  the  controllers,  j^ause  yon  can 
dear  a  pilot  to  follow  a  given  route  almost  from  one  airrort  to  another. 
As  a  matter  of  fetctj  1  h^ope  in  tittie  see  him  cleared  from  mnway 
toiunway.  r  1 

And  mO^  of  the  woik  woiild  be  done  in  the  cockpit.  Also,  yonr 
automatic  comiUUiiicat^s,  dig^tl  eominuliications  will  do  a  great 
deal  to  unload  bpth  the  pilot  and  the  controller,  So  you  can  do  some 
of  this.  On  the  other  hand,  the  central  brain  of  the  system,  this  big 
central  conmuter  that  is  genng  to  have' to  know  where  everybody  is, 
will  probably  have  to  be  on  the  ground.  '  : 

But  a  lot  can  .be  done,  and  1  thiiik  a  lot  is  doming  into  the  ^stem 


Mr.  Goidwater.  I  thi^  your  association  certainly  has  a  great  re¬ 
sponsibility;  As  Chairman  Miller  pointed  out,  probably  you  people 
above  all  can  be  more  valuable  to  developing  an  overall  system  h^use 
you  actually  use  it. 

One  thing  keeps  cropping  up  in  my  mind,  and  T  guess  I  sound  like  a 
Stuck  recoil  Biit  it  iS  prwably  because  I  ain  part  of  this  problwn, 
and  that  is  the  arm  of  g^eral  bvifftion  and  the  problem  that  it 
creates  for  commerdal;a'm^on.'  It  always  .seems  that  the  emphasis  is 
on  conunercial  aviation,  So|Uewhat  at  the  expense  of  the  weekend 
pilot. 

But  the  weekmid  pilot  does  cause  a  lot  of  problems  in  the  transporta¬ 
tion  industiy.  I  am  just  wondering,  in  your  Shggesticm  to  develop  this 
system,  if  you  have  made  recommendations  foi^e  handling  of  general 
aviation  in  relationship  to  handling  of  caupnercial  aviation? 
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OmMlj'Dow  Kkim.  Yte.  Tiuifc  is  dwdope^  in  our  remit,  of 
course  it  is  treated  in  very  gr^t  detail  in  the  DOT—FAA  advisory 
oonondttea  retMRrtj  I  ndriM  say  in  answering  this  oraeetion  that  I  work 
fop  tto  airliMa^  tmt  I  mso  iy  a  ssiaU  plane  myself,  so  I  think  I  have 
al  fair  anipiiiAof  WMfMthy. 

i  Aa^-mgif  ieidii4i8tmt‘meBaf^y4ave  arrangements  so  that 

everybody  has  a  reasonable  chance.  The  counts  needs  a  thriving 
general  aviation  establishment.  We  lead  the  world  in 'ilmeral  aviation 
a»  well  as  traniniint  aivierion,  and  I  don’t  want  to  see  either  one  g&hj 
the  famrd. 

We  export  a  lot  of  airoraft,  too,  of.  the  smaller  types.  So  I  thit^  we 
have  to  aun  for  a  system  where  we  general  aviation  ample  ro<Hn 
to  crow.  Now,  I  must  say 'this.  I  think  that  in  retching  this  better 
wond  faetU  sides  are  going  to  have  to  ^ve  np  oertain’things. 

We  have  had  to  back  off  in  certain  areas.  For  awhile,  B  or  4  yeats 
ago,  the'  idea  of  conidors  was  repi^ant  to  airlines,  and  you  can  see 
smy.  Ton  doti%  lilra  to  ha've  togo  (town  the  river,  all  in  this  so-called 
^mant  line.'  NdW  tve  are  recc^izii^  that  in  some  areas  this  is  going 
to  navetobedone. 

I  think  general  aviation  will  have  to  make  some,  'will  have  to  ac- 
C(mimodite  itself  in  oe^in  atreas.  I  think  tlmt  lamly  it  will  bear 
on  qualification  of  equipment  ai^  pilots  in  the  hi^er  density  city 
aveax  Bat  on<the  xrtherhand,  tlnre  are  only  a  few  high-density  areas, 
and  all  die  airlines  in  the  'codntry  only  use  500  out  of  about  10,000 
airports. 

But  I  Just  think'We  have  got  to  do  more  at  working  this  thing  out 
aad  botii  have'got  td  give  a  little  and  somehow  we  have  got  to  make  it 
so  thatbcitih,  aU  elemrats  of  the  industry  thrive  and  grow. 

Mr.  (toLDWATBR.  I  am  sure  yrmr  so^^eetion  would  be  very  valuable 
in  developing  this  thing. 

deneral  vos-  S^aitN'i  Well,  we  have  made  some.  The  Alexander 
ghrap'hssiriade  otihws.  Their  intermittent  control  concept  is  really  the 
kay  tO’givnlg  a  gen«nd  afviatiot}  opportnnily  to  operate  in  the  so-called 
crowdM-airsMce.  ]^t  we  concentrate  a  lot  on  it. 

Bvery  iirl^‘ does 'not  agree  with  evwy  other  one  on  how  to  go 
about  it.<  But'  I  thiiik  that  w<e  are  making  progress  toward  a  realiza- 
tixmtiiat<everybody  hasrgot  tohave  a  chance  to  live  in  this  air. 

Mr.  Goldwateb.  In  somewhat  of  a  minor  arm,  are  the  airlines  hav¬ 
ing'  difliculty  in  'findi^  pec^tothat  want'  to  bmenne  pOotsf  Is  this 
a  pyobimhf 

General  von  Kakn.  No,  not  at  this  time.  There  seem  to  be  plenty  of 
people.'  Of  comw  you  have  got  a  lot  of  military  pilots  who  leave  the 
serrirje,  and  'wi^  to  gb  into  private  industry.  You  probably  know 
ftmn  seeing  die  salary  scales  that  it  is  not  too  bad-looking  to  a  fellow 
who  has  been  getting  along  on  military  pay. 

In  the  area  of  the  mechanics,  that  is  taking  more  of  an  effort  to 
keep  ourselves  weU-maaned  there,  and  we  are  working  with  some  of 
the  edttcational  bodies  toward  better  aviation  training,  so  that  the 
various*  (iurrienla  have  the  necessary  technical  wurses  so  that  5,  10 
years  from  now  you  won’t  be  ruMiing  out  of  a'vionics  types. 

Avionics  will  be  one  that  we  have  got  to  watch.  But  on  the  pilot 
area,  no  proUem  th«re  as  of  now. 
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Mr.  GouwAtim.  l>o  pilots  luive  ceotein  prdficicaecM  and  pimfieMnicy 
teste  tliay  take  twice  a  year  t 

GwienJ  toir  Kakn.  Yee,  take  ckecki  of  dbout  that  internal. 

Mr.  OcunwAtaL  Airlinee  hinre  to  find  nmtian  to  make  touch  and 
so  landings.  As  a  matter  of  fact,  just  obe  mm  mmn^  is  in  C^li- 
zomia,  at  Edwarda  Air  Force  whrae  aomething  like  serOTal 
thousand  toodb  and  go’s  were  made  just  in  1  mcadh. 

Qaaetal  v<nr  Kamr.  Yes. 

Mr.  GouMTAxmL  Is  this  becoming'  a  piebkm^  ike  finding  of  ador 
quate  runways! 

Geoecal  vow  Kann.  It  is  not  yet  a  serious  problem,  but  it  is  some- 
thing  we  have  gta  to  watch.  Now,  up  to  now  you  can  find  enough,  you 
know,  former  military  airfields,  thm^  like  that,  or  lowMknsbv  air^ 
fields.  I  know  in  Loe  Angeles  taey  used  to  run  over  to  Palmdale  a 
lot.  I  don’t  think  they  are  <unng  it  as  much  now. 

As  you  say,  they  use  Edwai^  The  problem  really  is  to  get  that  sort 
of  a  field  near  enough  to  their  base  that  they  don’t  spend  a  lot  of  rime 
gouig  back  and  forth.  Naturally  they  would  all  like  to  have  it  10 
miles  away,  as  they  have  to  move  farther  out  it  becomes  somewhat 
of  a  problem. 

But  now  in  places  like  Florida,  it  is  a  very  ^fierenton^  and  we  have 
all  heard  about  the  recent  discuasimi  on  this  training  airooit.  I  think 
in  that  part  of  the  country  it  is  tough.  In  (kher  parts  of  the  country 
they  have  seemed  to  be  able  to  find  military  or  former  military  bases 
that  are  reasonably  adequate. 

Mr.  Golowater.  S<Mi^ne  brought  up  the  point  in  the  discussion 
here  that  in  relationship  to  noise,  that  perhaps  the  airlines  should  be 
making  a  greater  degrm  of  angle  oi  approach  to  the  field  on  their 
final  gude  dope — ^whta  is  it,  3  degrem  now ! 

General  von  Kann.  Yes,  21A  or  3  degrees. 

Mr.  Gouwates.  There  is  tarn  about  a  ste^r  descent 

General  von  Kann.  Yes,  that  has  been  dimusaed.  And  I  think  prob* 
ably  in  time  there  will  be  more  of  that,  because  you  do  get  some 
alleviation,  you  get  several  PNdB’s  by  deepening  the  riope.  Now,  the 
trouble  tlmre  is  mat  with  the  curreid;  cockpit  equipment,  I  don’t  think 
anybody  is  about  to  do  it,  because  when  you,  you  know,  we  have  had  a 
few  bad  ones  in  the  last  3  or  4  years  because  of  too  great  rate  of  descent 
and  overfy  steep  approaches. 

So  I  tbii^  with  the  current  equipment,  your  safety  is  going  to 
require  that  you  stay  somewhere  around  the  3-degree  glide  slope,  par- 
ricmarly  in  the  final  stages. 

Work  is  being  done  to  push  it  up  to,  say,  6  degrees,  out  further, 
maybe  as  you  would  appn^h  the  outer  marker,  3  degrees,  and  then 
gmtle  your  slope  and  come  in.  Troidile  is  that  really  miesn’t  buy  you 
too  much,  because  then  it  is  in  the  last  5  miles  that  you  are  g^ing 
most  of  the  complaints. 

So  you  are  going  to  have  to  have  better  control  ^uipment  in  the 
cockpit,  in  my  opmion,  before  pilots  are  even  willing  to  talk  about 
a  steep  approach  toward  the  point,  toward  the  point  of  Bare.  No  reason 
why  it  canx  ctnne  in  time.  But  it  is  not  here  yet 

Now,  with  STOL’s,  we  are  talking  ahaat  6  to  7^^  degrees,  and  I 
think  it  remains  to  be  ^n  even  with  the  STOL’s  whether  we  have 
really  got  all  the  gear  in  the  cockpit  that  you  or  I  would  want  as  a 


pilot  to  rrinteh  8oi«  W8  flnMvt'tlte  rf^^ht  time,' did  the  right  Ifb^ 

enpMgibi,pec>|iWt  j«»iu#Mv»lP>tta^  atnike  if  y<m  totes. 

V/SXCiti^  ol  ooiMe,  better  jet,  «ad  I  thifik  thftt  is  enotlier 
reteoB  whj' we^ooid  be  mteiested  in  V/STOL^  beeeoae  the  idea  of 
gettjpg  nb  IQ  .016  iit  tiie  aitport  19,  very,  vtey  alltiring 

ztom  w^iandi^int  of  noiM  al|hyiati(m. . 

Mr.  douiwATia.  YeaThat  iaalllhave. 

Mr.  Hbchler.  ThaiA  j^on  very  mfKdi',:Oenera)  von  Kaien.  I  eppre- 
date  vei^  tnaeh  ^nt  ixMmhjBrbelbpt^  committee. 

General  VON  Kann.  Wen,!  will  submit  the  additional  infomoation. 

Mr.  HscHiJat.  Very  good.  Before  we  conclude  this  sMinung  I  would 
like  to  simply  indicate  that  last  yiur  this  committee  received  some 
excellent  tc^imony  from  Charles  H.  Ruby,  president  of  the  Airline 
Pilots  Association,  and  a  numbm'  of  pilots  who  accompanied  him.  We 
asked  Mr.  Ruby  this  year  to  testify,  and  I  regret  very  much  that  he 
was  unable  to  work  tiiat  into  his  schedule. 

We  then  aidted  Mr.  Ruby  to  submit  pertinent  matmial  that  he  felt 
would  be  of  benefit  to  us  in  th;^  hearings.  I  have  received  a  list^  of 
17  recommendationfs^  of  areas  wherein  uie  Airline  Pilots  Association 
feel  that  additional  research  woric  is  reoaiied. 

I  urge  that  attention  be  focused  on  these  recommendations  and  that 
action  ue  taken  w;here  req;uijred.  Some  of  these  recommendations  are 
^lecifically  in  the  realm  01  the  NASA  research  and  development 
and  I  hope  that  attention  can  be  directed  by  NASA  to  these 
recommendationa 

It  is  difficult  for  me  to  say  where  product  improvement  normally 
carried  out  by  the  manufacturers  and  research  effort  by  NASA  is 
required.  However,  it  is  abvkns  that  as  large  aircraft  become  opera¬ 
tional  carrying  upward  of  400  passengers  we  camiot  fail  to  recognise 
the  eeriousness  of  flig^  eafe^  items. 

As  a  result,  I  urge  all  those  concerned  to  study  this  list  and  see 
firsthand  the  primary  items  that  coaeem  those  who  actually  pilot  the 
planes.  Wi^Ut  ihji^on,  this  matwial  will  be  included  in  tlw  record 
of  these  hearings  at  this  point. 

And  if  there  are  no  further  questions  from  members  of  the  com¬ 
mittee  the  committee  stands  adjourned  until  9  a.m.  tomorrow. 

(Whereupon  the  suboommiti^  was  adjourned,  to  reconvene  the 
following  mMBing,  Thursday,  December  11, 1969,  at  9  aon.) 

(The  deeunwnt  fcdlows:) 

An  Lm  Pnon  AsMoiATiinf, 
Wmikimftom,  D.C.^  Deoemilber  a,  JM9. 

Bon.  Kar  Rbchlbb, 

Chatrmaa,  Sutomamtttea  o»  Atemoed  Benereh  wn4  Twhao/togy,  Commits  m 
Botenee  and  Attronantia,  Somm  of  RefnnntiMvca,  Wo^ngton^  D.G. 

Dkab  Mb.  CBAattAs :  This  tote  esprsw  the  views  of  tlie  Air  Line  Pilots  Asso¬ 
ciation  toUajr  with  respect  to  the  activities  in  the  field  of  aeronautical  research 
and  devdote>^  and  the  need  for  addlttonal  researdi  and  development  that  will 
be  reqnireil  to  suet  the  pnftlema  of  airline  pilots  operating  alrcr^  in  scheduled 
air  tnuisportatitm.  To  he  of  as  much  asMstence  as  pOsslMe  to  the  subcmumittee, 
we  are  higbtightisig  proUepi  areas  which  have  repeatedly  caused  catastrophic 
accidents  dne  to  lack  of  reseandi  and  development  and  also  lack  of  application 
of  comi^iette  research  and  development  for  accident  prevention.  Some  of  the 
problem  arena  have  had  research  and  devtit^Rnent  to  the  point  where  airplane 
design  and  operational  regtdatocy  action  shonld  be  taken.  We  have  given  con- 
stderatlra  to  try  to  fbresee  wtet,  |>ew  types  accidents  of  a  repetitive  nature 
could  occur.  We  believe  the  proui^  areas,  whhfii  ute  set  forth  on  the  following 
pages,  regnlrereseaidt  and  devetopment  not  cmly  for  isMvlng  today’s  aeronautical 
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fUt  wa  for  Mroaaatteal  prob^nu  of  tbr  «ext  ten 

Tewn  isd  .  '  ' 

A*  yoor'aiji^'a^rare,  8, 1M8, ««  pnMBtoj  AXf  A’r  to  Uto  sab- 

rodiiaiMiw  iMtli  toritort  to  «r«a«)tto>l  TcaMMh  aaA  demoiliiitoO  ntodi  for 
tnciwUiw  itte  MUtoto'  W0  etkitHey  air  tmatooato4ito<  We  btilere  toe  tofor- 
aMjtiW'Fa/Stofo^led  ,ai  tbal.ll^  Id  attU  of  prltoetoocetn;  bpvever,  we  would 
call  your  atumtlbii  to  die  snaUtoi  aieed  of  tnuBc  eoQtrol  aiipror«iie^  and 
column  avoidance  ayetem  and  proxlin!^  Matolnd.COdlckltoto.  Ide  are’pa)rtlci]4$*‘^^ 
concerned  tbat  reoeardi  and  developB[ieaft)in:daeri8i3X}  and.pdet  wanalnk  deinces 
tortoyMwiiaiwildance Itanewad ptoiwoaed aatliOietoiilar.  !  ' 

We  reepectfolly  reqaeat  tMa,  .niatoi4al  be  madw  A  part  of  toe.  record  of  toe 

on 


)  1  ,  ‘  OBAUiBa  B.<  Hunv.  iVetofent. 
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1.  AWi^witelitteerUn  .  .  ■ 

The  record  of  aircraft  accldento'itoewa  that 'We  condnne  to  have  potential 
strtiokdral.faiIutoiitoAiilln0:aiTeraft,:dae:in  atHueicanea  to  doetalfatiigne,  or' the 
ojiatal^fof  toe,  alri^raft  .li^q  unltodi'e^  tnrbnlence  of  aw^  nta^ltode  that  the 
deeljm  l<wd,'factora  are  ekcieeded  and  cataatro^lc  prime  'structure  failure  of  the 
alrmuito  occurs.  ^  fe^eve  additldhal  resareh  shbuMf  be  conducted,  in  toe 
public  Inteteet,  to  determine  wMther  or  not  the  aUrdane^  fabrication  alloys  are 
becotoinc  ao  exotle  In  compoeitioa.  that  while  they  areatrong  enonsh  tomeet  the 
current  certldcatlon  requlrementa.  the  aoestlon  la  are.  they  strong  Ipng  enough 
for  toe  lUe  of  toe  airframe.  Also^a^^ndy  toonld  he  made  to  reascertsin  whether 
the  cdmdt  gdst  l<nd  Strength  tormiuad  for  certlflcatldh  of  aircraft  are  adequate 
to  minhnize  the  ^os^MUty  of  >  an  overload  failure  occorrlag  with  catastrophic 

TCflllltS  '  ' ' 

!  The  ^suhcinamlttee  Is, aware  todt  In  the  pust.  after  such  accidents  occur,: the 
airliners  are  either  “grounded"  or  flown  with  severe  restrictions  ohtil  they  have 
toelr  structural  def^<^  eHmihaM  by  reinfbrcen^t  or  improved  design.  These 
air  trantoorto  hato  heea<  certMnd  to  rules  wldch  reflect  toe  onmnt  state  of  the 
art;  StwUee  to  detennine  whetoer  or  not  <  dfrlient:  regntetiwis  for  airframe 
strength  reqnirmnents  and  metal  fatigue  preyei^tlpn  requirenmnts  are  adequate 
should,  be  undertakeo  for  today’s  fleet  and  apply  all  flndings  to  all  future 
aliptohes.  "  •'  '  ’ 

ConnhCndiddy,  one  air  carrier  to  currently  engaged  in  an  extensive  Udng  struc¬ 
tural  Improvement  to  add  strength  and:  stamfiih  to  toe  large  transport  they  are 
operating.  We  consider  that  toe  item  of  airframe  stren^  and  Uto  strength  falls 
within  toe  scope  of  toe  hearing  and  warrants  very,  serious  itod  thorough  review 
by  toe  tobcon^ttM. 

*.  4oofd«iwe  o/'  Au^^e^af^Ol^  ifeon#  /or  StjahHUi/  dni  Control  of  4ircri»/l 
Through'  rps^rch 'dud. :^^elQP<ncpt,  top,  loqifiiements  for  flight  control  of 
transport  aiitert^  by  aerbdynamtb  'Systems'  sh^d  'be  determlnfed.  The  present 
trend  ot  taability  and  control  augmentation  eontamlniiitoB''tb«  flight  control 
system  and  when. a malfuncttoU: occurs,  loss  of.control  of  the  aircraft  can  result. 
Research  aM  develoiaamit  s^ald  be  conducted  to  determine  the  aerodynamic 
design  needed  for  stability  and  control  of  a  transport  aircraft  throughout  the 
operating  flight  envelope' Without  augmentation,  or  a  design  such  that;  when  it 
fails,  the-idlot can  safely  hand-flytoeuiiplaae.  '  ..  <  \  ' 

8.  Vataatt^hie  Effect*  ef  TurMhe  EngiM  DieiKtefration 
^e  tu/blne  engine  has  developed  into  a  rematltkfcie  tellable  power'  plant  for 
alrilue  use.  Ito  tome  hej^deb  oyeghanla  has  reached  Undreamed  of  dlgnt  hours, 
lOfiOb  at  iUote  on  some'  Unmies;  HoWUver,  tmihlUe  ^^es  are  Composed  of  hi^ 
sp^  rotatbig  par^s  which  Upon  dtolUtegratlon  have  force  of  a  mlsmle  fired  from 
a  4zable  Camimi.  The  dMnt^ratioU  of  only  one  or  more  of  the  major  high  speed 
rotating  components  Of  too  ti^totoe  engine  has  toe  capability  of  producing  a 
catastio^c  strt^nral  falinjre  to  ^eot  that  the  airplane  ih  no  longer  con- 
trollabte  and  u.ftitol  crash  regidto.  We  Ure  at  ^sent  flying  approximately  2,400 
airline  alr^n  With  more  to  conke  Ihat  baye  turbine  powerplants  installed. 
Coofdtoated,  research  and'  developmeid  to  required  to  assure  tost  when  high 
speed  torbhie  en^q'pUrto  tAstutegrate,  the  parts  Will  either  be  con- 

tabtod'^^Withfn  toe  (>Hidiie’'compartment,  or  deflected  Into  the  free  air  without 


:  tl^'snbcotoiidttee  on.aeronantipul  reseaxph,  whlto  began^ 
^yaunt  ' 
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strikiiur  <h«  In  nddlttsn,  a  training  a^teia  of  inatramentatloa  dKmid 

be  inroTtded  to  warn  tbe  iUgKt  etew  fa  boariwrt  tbae  ae  fltat  tbe  failing  poorer* 
plant  can  be  ahnt  down  before  tbe  deatractiTe  dlainbegmtlMi  ooenn.  Such  a 
warning  aystem  would  tell  the  pilots  to  necbanlcally  stop  tarttfeoe  rotatimi  prlmr 
to  disintegration,  which  may  be  a  way  to  iwevent  the  destructive  effects  of  a 
failing  turbine  wheel  or  blades. 

4.  In-JFUffkt  Fire  Frevention  and  Pott  Oratk  Hn  /»ssea<toa 

Commendable  resaaadi  toss  been  dram  to  minimise  in-fli|ht  fire  aid  poet-crash 
Are;  however,  the  reeeareh  time  and  money  ^lent  has  been  somewhat  of  an 
exerdae  in  fattUty.  This  la  because  this  dyna^e  ladastry  is  admmclng  so  rapidly 
in  imodudiig  new  advanced  airline  aitfdanes  that  ttano  has  not  been  'taken  to 
incorporate  all  known  means  to  minimise  in-flight  Are  possibilities,  and  since 
they  can  occur,  positive  lire  laevention  research  has  bear  eemifleted  In  regard  to 
minimising  fed  spUlsgs  dne  bo  broken  lines,  tom  tanks,  water  inerting  of  the 
poweiplants,  and  undoubbedly  aome  other  detailed  itema  However,  tiie  record 
of  catastrophic  In-dight  Are  exposure  contlnuea,  and  catastrophic  post-crash  Area 
continue  to  ooenr.  This  is  an  area  where  coordinated  researdi  and  development 
of  hardware,  pranptly  Installed  In  aiiiine  airplanes,  can  minimize  theeontlnued 
loss  of  life  and  prc^erty  due  to  the  effects  of  aircraft  Area  either  in-flight  or 
following  a  snrvlvable  accident 

5.  Clear  JUrTiif1tulenceIn»trummtio» 

Research  and  devdignment  should  be  expedited  to  produce  clear  air  turtnflence 
instrumentation  wUch  will  enable  a  txansport  airplane  to  be  flown  without  over¬ 
stressing  the  airframe  and  without  injuring  passengers.  Smne  research  and 
development,  including  hardware,  is  presently  being  service  tested.  We  urge  the 
aubcmnmlttee  to  take  whatever  action  it  can  to  expedite  research  and  develop¬ 
ment  in  this  area,  since  this  type  instrumentation  is  needed  not  only  fw  the 
present  airUnars,  bntwhl  be  vitally  needed  for  supmrsonlc  flights. 

d.  Bahotage  Preventiim 

The  tiireat  of  some  deranged  person  sabotaging  an  airline  airplane  is  still  with 
us.  While,  extensive  research  and  development  has  been  copducted  and  is  con- 
tinning,  it  would  be  well  for  tjbe  subcommittee  to  ddve  deeply  into  this  area  of 
continued  accident  exposure  to  determine  if  a  sutelent  coordinated  research  and 
development  effort  is  under  way.  In  our  i^lnlou,  with  the  airline  aircraft  con¬ 
tinuously  iucreai^hg  In,  slrc,  the  exposure  to  the  loss  of  a  large  airline  airplane 
becomes  greater. 

7.  of  Jftetional  Paaieegen 

A  continuing  problem  of  airline  pilots  Is  the  cohtrol  of  irrational  passengers.’ 
^ese  mdiy  be  passengdts  Intent  on  sabotaging  the  airplane  by  shooting  the 
flight  crew,  hljatklug  the  aircraft,  or  becoming  Uncontrollable  due  to  fright  or 
other  reasons.  To  date,'  we  do  not  have  a  method  or  means  In  effect  for  rapidly 
incapacita^g  a  person  Intent  on  puibuing  any  of  the  actions  previously  men¬ 
tioned.  A  survey  of  the  research  and  development  status  in  regai^  to  controlling 
irrattonal  passengers  chonld  be  undeftaken  so  that  a  coordinated  effort  can 
be  made  to  (tetefmlne  which  the  the  most  promising  efforts  of  producing  the 
desired  resnlt  and  expediting  the  necessary  studies  and  research. 

8.  Airplane  Noiae  ReiitciioH 

Airplane  noise  has  been  m  problem  to  the  dtisens  living  in  the  vicinity  of 
the  airports  practically  ever  since  the  airline  transport-type  airplanes  were 
used  in  scheduled  air  carrier  operattons.  As  the  state  of  the  art  of  aircraft  and 
engine  design  advanced,  the  airptene  noise  problems  grew  proportionately. 
Citizens  on  the  ground  near  the  airport  are  really  serlonsly  affected  by  airplane 
noise  and  their  complaints  should  not  be  dlsregaMed.  Research  to  minimize  air¬ 
plane  engine  noise  Is  in  progress.  Installation  of  airplane  engine  noise  sup¬ 
pression  systems  is  in  the  test  stages  and  some  promise  tor  tollef  is  indicated. 
In  aome  cases,  engine  noise  can  1^  alleviated  by  penalizing  engine  thrust; 
however,  the  ecohomics  of  the  airplane  may  be  adversely  affected  to  the  point 
where  the  amount  of  decrease  In  engine  noise  that  is  required  to  satisfy  the 
citizens  will  result  in  an  airplane  which  Is  uneconomical  to  operate.  Research 
shonld  be  expedited  to  determine  where  the  compromises  between  the  airplane 
engine  noise  suppression  and  tte  resultant  loss  of  power  versos  controlling 
land  use  In  the  vicinity  of  the  airport  must  balance.  Since  the  transport  airplane 


ts  inmMiiic  in  bMib  m  w«U  m  U>e  t^bnolofiy  myaiced  to 

deteimiaa  tO)e>«Mei  noiae  fM*  tiMjJrll.  «it4M  ia  a  vttaUy  na^ed  retatarcb 
area  for  improrement  for  toda^’a  alm^  aad  obriooaly  a  meat  for  tomorrow's 
aircraft  wttb-fbcir  more  powotfoL  eosiiiee. 

NAVIOATION  or  AiaCaAR 

t.  Air  TrafUe  Control  farpeeeeaicwU  .  ■ 

OonsMeraMe  reaeareh  and  dereloiaacDt  for  improved  air  traffic  control  lias 
been  nnder  way  for  a  number  of  yeara  Theue  tforta  have  produced  eome  favor¬ 
able  resnlta  altbougb  the  number  of  aircraft  in  the  ayatem  baa  consistently  out¬ 
distanced  the  capablltty  of  the  ATC  System  to  effective  handle  them.  While 
the  planned  antoinated  enrootu  and  terminal  control  systems  will  poeeilily 
provide  some  relief,  we  believe  it  is  largely  a  ease  of  “too  little — too  late.” 

It  is  obvlons  that  the  integration  of  the  large  Boeing  747  type  aircraft  as  well 
as  the  Supersonic  Tranqurt  Into  the  existing  and  priqioaed  airiine  fleet  will 
add  considMubly  to  the  ATO  problem.  The  fantastic  growth  of  the  general 
aviation  fleet;  to  an  ostimatMl  314,000,  In  1900,  will  also  provide  many  addi- 
ti<mal  problems  to  the  Ah*  Trafllc  Control  System.  As  is  well  known  today,  the 
air  transportation  Indnstry  is  In  the  midst  of  a  “congestion  crisis”  and  there  is 
little  hope  that  current  plans  will  alleviate  the  crisis. 

Research  and  development,  at  a  greatly  increased  rate  most  be  undertaken 
at  once,  if  complete  chaos  Is  to  be  averted.  Such  research  thonld  be  directed 
along  lines  othw  than  tiiose  which  have  been  followed  in  the  past,  since  it  would 
appear  that  there  Is  little  to  be  gained  in  this  direction  to  meet  the  fntnre 
needs  of  air  traffic.  It  may  be  that.  In  order  to  supplement  current  develiqtment. 
research  ahonid  be  directed  towards  procedural  and  regulatory  Imiurovements. 
rather  than  to  contlnne  to  rely  entirely  on  hardware.  We  believe  the  current 
idans  for  the  Imidementatlon  ot  Terminal  Control  Areas,  as  proposed  by  the 
Federal  Aviation  Administration,  should  not  have  been  thrust  upon  the  industry 
without  a  great  deal  of  research  to  determine  the  most  effective  configuration. 
The  applicable  roles  and  procedures  were  also  issned  without  adequate  research 
to  determine  thrtr  effect  upon  the  flying  public.  It  Is  becaii.se  of  events  such  ns 
these,  that  ALFA  firmly  believes  that  there  must  be  a  tremendous  increase  in 
the  reseandi  and  development  effort,  it  we  are  to  ever  have  a  safe  and  efficient 
Air  Traffic  Control  System. 

Improvements  In  air  traffic  flow  can  be  realised  rapidly  by  an  expedited  air¬ 
port  development  program  ^ce  the  airport  Is  today,  and  can  become  increasingly 
so,  the  bottleneck  for  the  whole  system. 

In  recent  months,  we  have  seen  the  advent  of  “area  navigation”  into  the 
operational  environment.  The  FAA,  although  moving  slowly  in  permitting  its 
Implemeotation  on  a  wide  basis,  has  develtqied  methods  whereby  proHiective 
users  may  install  and  ntUize  this  new  eqoipmwt  It  is  essential  however,  that 
research  and  develoiMnent  be  continued  at  an  ever  increasing  pace  if  the  Federal 
Airway  System  is  to  cope  with  the  tremendous  increase  in  air  traflic  that  has 
bemi  forecasted. 

One  of  the  fondamental  ingredients  in  today’s  air  traffic  control  problem  is 
the  vast  amonnt  of  oral  conunnnlcation  by  means  of  radio  which  Is  required 
by  the  ATC  system.  Although  considerable  research  has  taken  place  to  overcome 
this  problem  throngh  the  nse  of  data  links  or  digital  air-ground  communications, 
there  are  few  Indications  that  the  dev^opment  aspect  has  progressed  satis¬ 
factorily.  The  present  system  is  slow,  caa(i|ii»SOme,  and  wasteful  of  the  frequmicy 
spectrum  and  Is  snhject  to  many  hnman  errors,  which  require  much  time  con¬ 
suming  repetition  of  messages  essential  to  fli^it.  These  problems  can  be  corrected 
only  torongfa  expedited  research  and  development  jHrograms. 

t.  CoUtaion  AvoUUmee  Syatema  and  Promimity  Waminy  Indicators 

AliPA  considers  that  mi  Improved  ATO  system  mnst  provide  the  basic  separa¬ 
tion  between  aircraft  which  operate  within  the  National  Airspace  System.  It  is 
vitally  essential,  however,  that  a  “back-up”  Collision  Avoidance  System  be 
I«ovided  to  enable  pilots  to  take  evasive  action  when  the  ATC  System  fails  or 
may  not  be  availaUe.  A  redandant  airborne  Collision  Avoidance  System  must 
become  available  as  soon  as  possible  and  mandatory  installation  required  in 
every  aircraft 

While  the  airlines,  through  the  Air  Transport  Association  are  developing  a 
Collision  Avoidance  System  its  cost  and  complexity  are  such  that  it  is  improbable 
that  many  general  aviation  aircraft  will  be  able  to  afford  its  installation.  Since 
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iMB  ttaB  in  at  tlw  ■lid'Blr  oOUMon*  In  fire  ^enra  inrolved  two  airltae  aircraft, 
tt  te' akvtooa  tliat  atitlae  atimdt  aad  ganaral  avtetton  aircraft  most  ba  iwo- 
Tidad  wttli  a  aema  to  avoid  eaUlaha  wltb  eaoli  other.  Faitbermore,  atnce  more 
than  M%  of  tlie  aid*atr  colUaioBa  darinc  the  aame  period  were  between  two 
geaMnU  ariattia  afaCTtft,  ft  la  ev«i  more  obriona  that  aome  form  of  Pilot 
wandnc  todloator  <PW1)  moat  be  made  available  for  tbeae  aircraft. 

Aa  we  Btatea  co  Teor  aoboaamlttee  on  October  8,  1968  “ — oonaeqnently,  col- 
Ualon  avoldaBce  Inatmmentatlea  sidtable  for  all  alrplanee  ahonld  be  provided 
at  toe  earlleat  poeaHde  date.  An  examination  ahonld  be  made  of  the  current 
effloat  of  reeearto  activity  and  alao  whether  or  not  adequate  funding  baa  been 
provided  to  expedite  these  reqnlrementa.’* 

A  low  coet  abort  range  Pilot  Warning  Indicator  (PWl)  is  the  only  hope  for 
prodncinc  a  meana  for  pilots  to  avoid  mid-air  colliaiona.  They  can  be  installed 
In  all  types  of  aircraft,  (small  civilian,  large  ctvlllaii,  airline  and  military 
aircraft),  ne  PWI,  due  to  Its  low  cost,  can  be  installed  in  airliners  even  though 
they  may  have  toe  greatly  needed  sophisticated  ATA  Collision  Avoidance 
System  eqnlpinmit  now  In  test  stages.  This  would  provide  a  back-up  in  the  event 
that  toe  CAS  Installed  in  the  airliner  becomes  inoperative  or  has  limitations  in 
the  terminal  area. 

The  PWI  matter  has  been  active  since  at  least  19S6.  On  June  1,  1956,  the 
RTOA  published  a  report  entitled  “Operational  Seqnirementa — Proximity  Warn¬ 
ing  System."  The  requirements  were  so  severe  for  a  PWI  that  apparently  no 
progress  was  made  and  the  matter  became  dormant  Hie  NASA  Research  Ad¬ 
visory  Committee  on  Operating  ProUemt,  in  October  1965,  decided  that  the 
mid-air  collision  problem  was  not  being  adequately  researched.  A  atrong  resolu¬ 
tion  Was  passed  alcmg  with  ai^Miintmmt  of  an  Ad  Hoc  Committee  to  determine 
what  research  was  being  done.  The  Ad  Hoc  Committee  delved  into  the  matter 
and  found  no  RAD  gidng  on  for  a  PWI.  This  is  snbstantiated  by  the  fact  that 
when  NASA  SHectrtudc  Research  Center  and  NASA  Langley  R^arch  Cmter 
delved  into  the  proUem,  they  had  to  start  with  basic  research  to  determine  PWI 
concepts  and  design  requitemMit& 

More  than  tluee  yean  have  passed  since  the  NASA  Research  Advisory  Com¬ 
mittee  on  Aircraft  Operating  Problems  passed  its  strongly  worded  resolution  to 
highlight  toe  importance  of  toe  iwoMem.  It  is  inconceivaMe  that  page  2  ot  the 
recent  NASA  Report  No.  TN-5174  titled  “Compilation  of  Data  from  Related  Tech¬ 
nologies  In  the  Development  of  an  Optical  Pilot  Warning  Indicator  System” 
states  toe  research  effort  was  cmiductod  ‘'mostly  on  a  less-than-full-time  basis.” 
This  is  a  shocking  statement  in  that  the  mid-air  ctdlision  problem  is  so  serious 
that  toe  research  should  have  bemi  cimducted  and  continue  to  be  conducted  on  an 
overtime  basis.  Directing  attmitlon  to  this  report  is  not  intended  to  adversely 
reflect  on  toe  NASA  scientists  and  the  commendable  research  they  have  con- 
dncted.  but  rather  to  focus  attention  that  their  efforts  should  be  augmented  and 
adequate  funds  be  provided  without  ^ay. 

In  view  of  toe  almost  comiflete  lack  of  expediting  progress  in  this  vital  area, 
ALPA  once  more  airease*  the  tremen4oua  need  for  a  fi^-sized  and  adequately 
funded  research  and  development  program  with  the  objective  of  having  Pilot 
Warning  Indicator  equipment  available  to  the  general  aviation  operator  at  a 
price  he  can  afford.  Past  and  current  efforts  along  this  line  have  been  isedlcated 
on  criteria  which  we  feel  are  mncb  too  demanding  for  a  low  cost  Ptn.  ALPA 
considers  that  the  first  step  In  this  direction  should  be  to  develop  a  low  cost, 
short-range  PWI.  Once  this  type  of  system  is  in  common  use,  then  steps  can  be 
taken  to  “glamorize”  it  by  increasing  Its  range,  improving  its  instrumentation, 
etc.,  for  those  that  can  afford  more  8<9bl8tic8ted  equipment  However,  we  do  feel 
very  strongly  that  every  effort  must  be  made  to  develop  the  low  cost  short-range 
PWI  without  delay.  Tte  Justification  for  this  type  of  equipment  lies  In  the  fact 
that,  over  a  period  of  five  years,  some  8d%  of  the  mid-air  collisions  occurred 
25  idles  or  less  from  an  airport,  about  77%  took  place  at  an  altitude  of  3(X)0 
feet  or  Icfss,  and  approximately  98%  bad  a  closure  i^eed  of  less  than  250  knota 
In  this  regard,  in  the  public  Interest,  a  realistic  target  date,  preferably  not  more 
than  one  year,  shonld  be  established  for  toe  commencement  of  PWI  Implementa¬ 
tion  into  the  general  avtation  and  airline  fleets. 

It  is  only  through  actimi  such  as  ALPA  proposes  that  toe  mid-air  collision 
hazard  can  be  eUminated,  or  at  least  minimized, 
d.  Clear  Air  Tmrbulmoa  WoreoarUmf 

There  should  be  an  fnereaslBg  research  and  development  effort  made  for  provid¬ 
ing  a  clear  air  turbulence  detection  Instrumentation  and  forecasting  service  for 
efficient  and  safe  fli^t  planning.  Bven  though  dear  air  turbulence  detection 
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instnimeutation  may  be  Inatalled  in  tbe  airliner,  it  ia  atlU  desiraUe.to  avoid  the 
turbulence  in  tbe  fist  place  by  flyhig  in  areaa  where  it  will  he  noD'^ixiatent  or 
minimi aed.  To  minlmice'  the  effects  of  clear  air  turbnlence  when  i‘.  is  detected  by 
instrumentation  will  require  the  pilot  to  either  slow  down  the  aircraft,  which  is 
undesirable  especially  at  high  altitude,  or  make  extensiTe  enroute  deviations  to 
avoid  continued  exposure.  Blither  course  of  action' is  undesiraUe  from  the  stand¬ 
point  of  safety  and  ectmomics  due  to  the  additional  requirement  for  either  stow 
flight  through  the  turbulence  or  detouring  around  it,  as  both  are  time  consuming, 
dear  air  turbulence  detection  instrumentation  is  vitally  needed.  Techniques  for 
forecasting  clear  air  turbulence  ace  also  vitally  needed  and  will  enaMe  flUflit 
planning  for  maximum  safety  and  economics. 

i.  Airborne  Radar  and  Weather  ImprovemmU 
Transport  aircraft  are  being  designed  to  fly  at  higher  and  higher  altitudes; 
particularly  future  aircraft  being  planned.  Sgb  flying  aircraft  require  radar 
which  Is  capable  ot  providing  the  pilot  with  information  regarding  the  weather. 
Specifically,  the  need  is  to  develop  radar  capable  of  fnnctioning  at  high  altitude 
where  low  moistiue  density  exists. 

An  explanation  of  the  foregoing  appears  pertinent.  The  present  weather  radar 
is  really  a  storm  detection  device.  Its  principle  of  operation  is  based  on  the 
energy  transmitted  from  the  aircraft  being  reflected  back  to  the  receiver  in  the 
aircraft  by  moisture  particles  associated  with  the  storm  area.  Tbe  greater  the 
moisture  denMty,  the  letter  the  idcture  on  tbe  radar  scope. 

In  the  lower  levels,  this  Is  a  very  satisfactory  system  of  storm  detectimi, 
enabling  tbe  pilot  to  thread  hls  way  through  a  detour  as  required.  As  flight  alti¬ 
tudes  increase,  tbe  total  moisture  density  decreases  with  a  resultant  loss  of  the 
radar  picture  that  enables  the  pilot  to  determine  the  severity  of  turbnlence  asso¬ 
ciated  with  the  storm  area  b^anse  at  the  higher  altitudes  the  total  moisture 
density  in  each  cubic  fo^  of  airspace  Is  materially  reduced.  Blither  further  devel¬ 
opment  or  improvement  of  the  present  radar  systems  for  weather  avoidance 
purposes  is  needed  or  new  development  Is  Indicated. 

5.  Standardization  of  All  Airoraft  Imtrvmentation  and  Navigational  Facilities 
Development  of  satisfactory  testing  equipment  and  calibration  facilities  are 
absolute  essentials  for  flight  instrumentation  as  well  as  flight  navigational  sys¬ 
tems  in  order  to  provide  aecutocy  of  readouts  on  each  aircraft  type.  Therefore 
when  the  conglomerate  is  operating  In  the  same  airspace  all  altitude  references 
are  accurate  and  identical,  as  well  as  airspeed  readings  and  Mach  meters  being 
identical.  BTight  navigational  systems  must  have  the  same  relative  relationship, 
one  to  the  other,  with  respect  to  tiie  get^raphlcal  position  of  all  aircraft  operating 
in  the  airspace. 

The  foregoing  are  simply  examples  of  what  must  be  done  If  we  are  to  obtain 
efficient  and  economical  use  of  airspace  with  a  high  level  of  safety.  Once  system 
errors  are  compensated  for  with  sophisticated  checldag  equipment,  a  long  stride 
will  have'  been  made  In  providing  accuracy  for  instrument  readings  which  will 
report  the  va'rious  parameters  they  are  derfgned  to  record. 

Present  aircraft  and  their  associated  navigational  facilities  and  Instrumenta¬ 
tion  require  improvement  in  terms  of  accuracy  and  relationships  one  to  another. 

AIBPOBTS 

?.  Airport  Development 

We  foresee  a  continuing  need  for  the  next  ten  years  and  beyond  .for  research 
and  development  of  our  airport  system.  At  the  larger  metropolitan  areas  this 
must  also  provide'for  the  access  of  people  and  goods  Into  and  out  of  the  airport 
There  is  very  little  need  In  the  way  of  airport  safety  and  efficiency  research. 
What  is  needed  is  recognition  of  the  present  and  future  needs  and  the  money  to 
provide  for  these  needs.  Extensive  airport  safety  and  efficiency  documentation  is 
available  to  the  committee  not  only  from  this  Association,  but  also  from  other 
Industry  segments.  The  problem  has  note  become  widely  known  and  tbe  foreseen 
"airport  crisis”  Is  now  with  us  as  It  will  be  for  some  time — ^unless  known  steps  for 
improvement  are  promptly  taken. 

S.  Fog  Dispersal  for  Safer  Takeoffs  and  Landings 
The  record  will  show  that,  historically,  the  Air  Line  Pilots  Association  has 
been  actively  partlclx>ating  in  pursuing  ways  and  means  to  accomplish  all  weather 
flying  safely.  At  certain  times,  the  Alf  A  groups  of  a  particular  air  carrier  have 


341 


advocated  lowering  mlntaiums  for  a  cwtato  type  of  alroraft,  baa^ 
lecttTe  .^rlepce  to  ®5  KiMvb  fnnffllt 

wi*6) 


Vl  ' 


loA  nmunff  lo  lue  iii t"****^  «*  *•**«=  ’t“t,  ^  . 

Ittoto 'Atowr  t<*"e«  tito  pUot  ^nmps  of  an  alfUne  hW  fongbt 
ii^'mliil^lild'liW''  certolri  'itypto  of  altplabl^  agate  bMod  on 


•TOT  CernUB  'typw  W  ajtrpwuco,  — 

the  confidence  needed  for  flyter  lower  ndntmnw 
^Hlie  Ibe  tecrfte.bf  ftritomatton  auch  an  anw^lots 
Ito'tic^- "Hdwe^r,  aqtomatic  equlpjment  of  all 
!es  dhd  raHto^  In  thla  rejjard,  tor  zero-aeto  takwfw 
Pilota  Aaaocla^On  nfges  expedited  research  aite  d^ 
rom  a  Suflielent  distance  ahead  of  the  threshold  and 
^;v^-^Vii^Tirnv  ienothlia  the  boilit  where  the  pilot,  to  monitoring  an  antomatJc 
SS&W  wre  tteSt  the  antoma’tlc  equlptoeht  win  Place  him 
S^Mo^^hd^  i»i2f  for  landing  and  the  ^“t^aed^lgh  speed  roUout 
fith^  over  hfed  make  a  missed  npirf^h,  or  take  t^ 
— r  coE^^lve  aCtton  to  otwplete  the  landtag  by  taannal  control.  Snch  r^ar<A 
f^&S«^and  is  In  the  b^  public  interest  for  safe  air 


cftzisnfif  op6r8>^OQB  ,  . ,  r 

'  “  n4;QRt^  BECOgDGSS 

i.  'I»-FHoM  iRecortlsr  InatmmentaiUm  fw  Airpiane  AinoorthiM»a  ■  ■ 

The  gttiSLt  need  for  the  airliner's  flight  crew  bring  ^ 

atminna  system  rellahlllty  while  in  flight  becomes  Increasingly  IroportantM  toe 
Sr^^toWtatts  increase  In  cbmidrictfcy  and  a**- 

I^rodt^^^^al|ta  "te-fl^bt”  recorder  Instnunentetlon  will  enable  the  fll^t  crew 

*”•  ■  a.  T'afce'  toe  in;ope^  satety  i»troanti<ms  to  mtalmlre  the  posslWllty  of  an 

“‘h^^r^lndact  ta-fllght  reporting  to  ground  maintenance  regarding  a  develop¬ 
ing- fS  In  the  "S^^systems,*^.,  and  thei^y  ^nanro  personnel 
can  take  aoDroprlate  action  to  reduce  the  exi>ensive  ^<wn  ^tn®- 

c  Keep  an  accurate  log  of  repeated  faults  of  toe  airplane  s  systmns  and, 
thereby,  Enable  justifying  research  and  development  for  improved  design 
reliability  of  the  airplane’s  components. 

*  Flight  and  Voice  Recorders  for  Accident  Cause  Determination 

The  deficiencies  of  today’s  flight  recorders  for  accident  analysis  are  well  ™o^ 
Of  conrem  is  that  toe  original  flight  recorder 
duplicate  the  accuracy  of  the  tastruments  that  are  tas^led  In 
partment.  AddlUopally,  there  should  be  spot  chroktog  to  assure 
^rd<sr  nwninicv  is  maintained.  Since  fllgiit  recorder  use  requires  worWng  wito 
small  Increments  of  time  (seconds),  it  can  be  tidily  appr^laW 
be  accuracy  In  the  recorder’s  origlMl  tastallatloo  as  well  as  the  need  for  mata- 

long  stressed  that  flight  recorders  must  atamys  ^  re¬ 
coded  undamaged  following  the  accident  TOe  Association  ^ 
flight  and  voice  recorders  for  accident 

a.  Ejection  upon  Impact  so  that  It  Is  clear  od  the  burning  wreckage. 

b.  Readily  located  by  means  of  a  homing  rignri. 

c.  The  ejected  recorders  should  remain  floating  on  1^ 

In  addition  to  the  previously  listed  reqnlremente,  toe 

parameters  for  obtaining  taformaUon  to  analyze 

be  Increased  from  the  present  meagerfi^plne  a  voire  i^dw  to  a 
number  of  parameters  so  that  “the  guessing"  of  wh^  Is  happen^  to  the  airpi^ 
Is  rednced*to  the  most  practical  minimum.  CJonttaned  recorder  accuracy  Is 

ait  of  flight  recotders  Is^vanctag  ^ 

Implementation  of  Improved  units  tor  fleet  Installation  of  th^ 
roSSTw  ^IdS^the  data  to  know  the  TRUE  canse  of  an  Im¬ 

mediate  preventive  measures  can  then  be  i^cn,  “i” 

can  be  stndled  to  determtae  areas  reqtaring  research  for  prevention  of  slmuar 
accidents  and  Improving  economics. 


COMOLirSlOM 

It  would  be  dUBcalt  to  place  a  meaningful  priority  of  the  H  k  P  n^  we  baye 
to  which  the  pilots  and  air  travellv  public  are  eapoped  in  whedoled 

a^^w  SSrtthe  air  carriers  have  record  breaU^  ^ 
aircraft  Theae  orders  are  for  aircraft  that  wlU  clooely  resemble  the  de^  »a 


WiUUI  l■IIJr  ocuaia?  aaa.  ooaaiaaow  —  — -  -  — .  ~ 

Unless  research  and  decdl^pmeiit  is  expedited,  the  same  tjpes  ^  Um  Bmmm 
which  have  occurred  throughout  the  years  will  conttoue  for  the  nert  ao  yeara 
We  carefully  examine  whether  or  not  we  are  Impimnenting  "O^a 

throo^ia”  of  aviati<m  research  and  development  areas  which  prevent  acd^ta 
frxan  occurring  and  also  examine  waj^  and  means  to  achieve  fttttm  prevention 
of  the  accident  type  where  no  preventive  “break  thronidi”  has  occmred. 

There  ate,  no  doutot,  many  other  areas  whlrii  would  enhance  safe  mm  ecmaonuj 
cal  air  carrier  operations  such  as  foolproof  airplane  aammldy  nmo^  Improved 
inspection  to  minimliie  the  possibiUty  of  loeing  an  airplane  due  to  a  mtos^ 
cotter  idn.  etc.  However,  we  have  limited  onr  comments  here  to  need  for 
reoulred  technology  to  meet  the  demands  of  (he  neat  decade  ai^  twy^  and 
to  a  direct  examlnatloti  of  the  adequacy  of  the  national  reeearrit  and  deveicpment 
efforts  in  the  field  of  aeronautics.  ^  ^  j  „4it 

We  have  provided  herewith  a  number  of  items  which  we  belteve  are,  a^  wlU 
contloue  its  he,  of  great  concern  to  the  airline  pilots,  air  carrier^  and  thealr 
traveling  public.  We  are  hopeful  that  our  statement  will  be  prodnci^  to  a^t 
in  aeronantloal  researrii  and  ctevelopmeat  for  mannfacturing  and  op¬ 

erating  airline  transports  with  Increased  efflciency  and  safety. 


AERONAUTICAL  RESEARCH 


TwnMtAT,  PMcnwaaMt  ii.  isao 

Kocm  or  lUraEa&irTATivxs, 
(jbiotinnmoirSciziroB  Aint  AsnoNAimcs, 
StmooMBOmdi  on  AovAiMaioBBS&iBCH  Ain>  Tbcbnoloot, 

W(uhington^D.C. 

The  subcommittee  met,  pursuant  to  adjournment,  at  9  a.m.,  in  room 
2325,  Baybum  House  Office  Building,  Hon.  Ken  Heehler  (chairman 
of  the  suboommittee)  pre^itm. 

Mr.HscRUSK.  T^eeOmmitm'^lbein  onier. 

We  ar^leasi^  to  have  thid  moming  Mr.  James  C,  Elms,  the  Di¬ 
rector  of  Electronics  Research  Gehter. ; 

WelcOipe  bock  hi ’the  ddiMhittee,  Mr.  Ehns.  We  appreciate  the 
testimony  you 'fesve  last  year,  and  we  also  appreciated  Oiur  visit  to  your 
center.  We  hope  you  can  bkilg  us  up  to  date  on  what  the  center  is 
doing,  and  what  you  plan  to  ^  in  tW  ficM  of  aeronautical  research 
and  .developmetlt; 


staxerent  of  takes  G.  EUn,  kbegios,  elbcibohigs  bs- 

SBARC)IC  CEBTEia,  EAXl(RrA£  AEBmimCS  ABB  SPACE  AD- 

loiiismmir 


Mr.  E 
be  here  t 
on  at  the. 


inity^  to 
carried 

1  covers 


My  WPli^uny  .ahd  stdtemeid^  at  hearing  on  Sep¬ 

tember  1^68,  di^us^  sl^idc  pt*oglrd|^  in  aeionautics  as  well  as 
areiM  of  ^es^rcli  bein^pe^d’^^^^’^RG  that, are  related  to  both 

aeronautica  and  ^BP^’  .  ,  i  t  r  >  -  - 

In  the  pa^  year,  El^G  has.'^linnUeditS  re^rch  ef^rts  in  these  six 
areas,  in  Saahy  cases.  Vith  'ait  ev^',CTehtisr  eTfiphaas  oh  their  applica¬ 
tions  to  aeronautics.  These  aif^i^ar^,  ‘  . 

Electronic  cblhpci^eiits  and  deHces^^^peciaHy  the  application 
of  microelecti^ics  aUd  lar^  scale  integrated  circuits  to  advanced 
avi^ics  sy^^s;,  , 

0uidance^the,applicati6ri  of  advanced  techndlogy  to  instru- 
mentatioh  fb#;  i^hsihj^,'  and  ' fcoWtifplHn^  aircraft  motion  and 
attitude;  '  :  '  I"’!'  ■  ' 

Optics  and  rilicrowave^atihospheric  propagation,  communi- 
,  cations,  electroipagn^ic 

,  .■  (3a^)  .  :  '  ' 
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Data  processing — ^the  interaction  between  computers,  displays 
and  man; 

Physiological  instrumentation;  and 

Electrical  power  systems.  .  , 

In  addition  to  th<^  ss  areas  of  research,  EEC  has  oMitmued  the 
specific  pK^rams  fwwwiflaiBl  IfcpefcteiiMyl  AEsM&dik.W  aeronautical  re¬ 
search  and  (fevelopment,  and  has  made  several  new  starts  in  fiscal  year 
1969.  At  present,  EEC  has  14  suclTspecific  programs,  which  represent 
about  30  percent 


These  programs  wil 


^  the 


le  NASA  elec¬ 


tronics  research  role' in  the  areas  of  air  fcrtmc  control,  collision  avoid¬ 
ance,  navigatioml  and  txHBmunicatiens:  sateUiiet  for  aviation,  and 
support'tedinoiogies.  All,  of  theas  -areas  are  included  w  the  pro- 
grajh',' hub  reference  is  also  made  to  scnne  of  the  complementary  pro¬ 
grams  in  these  categories  at  Ames,  Xnngl^,  FUght,  and  Lewis  Ee- 
search  Outers.  ;  , 

Now,  NASA’s  general  approach  in  theoueld  of  aeropauncal  elec¬ 
tronics  research  is  to  en^as^  developh^t.  o;f  onboard  systems  tuna 
camp<menta.  A  more  enecibive  (mbpa^  capability  , will,. vahp  better 
advantage  of  the  ground  systems  establised  and  op^ted. by  the  FAA.. 

One  example  will  heto  clarify  this  point  Sew^  years  an  at- 
temnt  vras  made  to  reduce  Nc»^  Auantio  traffic  lane  widths  from 


One  example  will  heto  clarify  this  point  Seyepil  years  an  at¬ 

tempt  vras  made  to  reduce  Ncu^  Atlantic  traffic  lane  widths  from 
120  miles  to  90  mUes.  ,Thia  did  not  happen  b^use  pilots  argued,  and 
argued  suceesaEuUy,  that  tiiuar  ability  to  navigate  wa^,  not  sufficientlv 
accurate.  More  precise  and  reliable  onboard  naviga^iMU  S3irstem3  will 
permit  narrower  lane  widths  in  the  future,  which  will  result  in  a 
cannhility lotrh»»lliiig(ad^^  traffic  denaitjn^^ 


traffic  control.  Programs  have  been  estaDlisnea  in 
as  a  result  of  discussions  with  the  FAA,  which 


'In'pro- 


dres^  to  the  nee^s  of  three  In 
conventional  transports^ 

EEC  initiaM  a  5onyfn^ 
the  FAA'  in;  1^,, that  is  ^ 
^c^down  ppaiiw  md 
of  an  automatic  jXiS  landing. 


point 


d^gn 


triaht  passes  of  users  of  the  system— 

apd 

jet.tran^n  pn^rain  jointly  with 
d  mitiajly  tovrara  the  reducUwi  of 
.^nrnw  the,  fmal  approach 
lA  is  providung  a  Ccmvair  880, 
mtic  Cify,  N  JTFEC  is  supply- 
t  thi^  ^at  it  is  important  to 
pha^  sy^m  does  not  require 


h^jpr  items  of  new  equipment.  Instead,  the  W^m  will  use  presently 
available  components.  The  research  involves  fne  logic  of  inte^imect- 
ing  ^em  components  so  that  value  and  precision  of  inf  ormation  is  in¬ 
creased.  The  henefitB  to  the  air  traffic  control  sithatism  from  this  pro¬ 
gram  are  expected  to  be  a  reduction  in  missed  approaches  through 
greater  landmg  accuracy  with  existing  ILS  performance  levels. 

An  extension  of  the^  automatic  landing  program  is  planned  to  begin 
next  summer.  This  will  provide  h^  precision  automatic  control  of 
aircraft  in  the  terminal  area,  in  addition  to  the  landing  phas&  This 
will  increase  the  acceptance  rate  of  aircraft  at  airports.  In  this  case, 
precision  control  is  an  essential  capability  for  closer  sequencing  of 
aircraft  in  the  terminal  area  and  approach  phases.  It  will  also  permit 


m 


mrtaaatiGaUy*  amtrolfedtectt^  'preoMiAn.^^  to  aid  in 

chwmc'i^ipratoli  tutesiaad  avoid^  ju>iMraoii;^we  area^  Planing 
of  thS  program  is  based  on  cumnt  discaseMma  underway  yvith 

P'AiK.-'  '<>'■  .  i;M  '  ’;!•;('  ;  ■■  -i.i.'  .  i!-;:'-  ,.1  ■  ;  ^ 

l!ar«HiiMii  me,' ,Yo)u..meaittoQed  thjat  this  re- 
fera<o^4o<isjmffiBbtioB«2j^tti»iui|pQ  ;  ;  . 

Mn  iLtoqs;  is  <son^<fop  thtft  pasitioular  lurofli^.  1  e«n  going 
to  desert' mther  pi»graiQm.latet:'tbat>Xiel(Uto  to  V/STOh  and  alk>  to 
geurntdiuriation^  -  il  ‘'  - 

Mf  i 'HaoxBUfc  Thai^  /  '  ; 

Mr.  OEklsAii'Btrtr  lius  pattic^  Appliesj  to  conventional  jet 
toanspocii '!!!•!  *!  *  .  ,<■  ./,  , 

.  .  Mr.  HacHuati! Thank  you.-  -  >■ 

Mr.  Btoflai  iBiihiaijetfrti^itoporti  program,  EBC  is  concentrating 
on  giudao^iMirigMlon,  andfimy.avtomatie  control  provided  by  on- 
boaid  dig£kid  eompule^ '!Ehe  bampcitersiwiU  also  generate  displays 
for  pmdmtuwijpafottnt^n' to  the  toaV.  .  •  .  .  . 

Other  ototera  oQinplemenh  this  EBC  approach  by  plaemg 

gruBtertoaphsHOs  on  Gcev  (^praa4d.onS.'.6otor/as,di^^yB  and  controls 
are  eoneecdedj  EBCvis  pnmcipaily)  conoemed  about  mechanizations 
be^d  the  panel;  in  siu^  wiin  how  you  g^.  the  information  to  the 
crew.  Hie  other  centers  ate  more  concerned  with  display  formats 
and- wijto  ' toe  cmw’a  inteiractioas  with  <  the  .system.  Ames  Besearreh 
CeUtar,  >fei) icteample^i  is  ieqmpped  iwath  fbghit  simulators:  and  is  per¬ 
forming  iresear^  to-optimiie  the  rola-of  toe  pUot  in  approach  land¬ 
ing  sy^mM^  inolvdingithe/ new  laototoatic  ones. 

The  EBC  program  in  V/STOL  guidance,  navigation  and  flight 
control  described  in  thd  hearings  last  hiU;  is  to  provide  the  technology 
needed^  ifer:  bpetating  oommeinal  ■'V/STOLi  aircraft  in  the  torminsd 
area  under  all  weataer  condstiona;  As  a  nntebiry  refresher,  Mr.  Hech- 
leri  this/ is  the  one  where  tee  are  using  Gemini  equipment  and  tech- 
ni^ee>-i^igiied  tor  the  LM  hmar  landing  to.  g^  a  handle  on  the 
V/^TOIi'i^iidaBCB  preblemM/;  '  •  i  : 

Mrj/CSndHiseR.  Yw  .hre  going  to  describe  what  the  current  status 
is,  aren’t  you?  .  ..  i  .  . 

Mr.- &:ia<  Ytoy'T'wilh  /  ' 

iThe! phase* one' flij^it  te^  wfaiehi  was  the  test  to  use  a  guidance 
systomi  -etilyf  i»  eesentaallyi  complete;.  What  .this  demonstrated  is  that 
yoU'  oad  iproaucb'bttter  results  oy.  puttin^two-syetems  together  than 
by  eitoer  one  of  them  wlotie;  Tb-'^'at  little  bit  'farther  into  that-^ 
bedaiiBCk/of  the  physics  and  mUthemt^cs:  involved,  one  system  has  a 
certain  type  of  error  that  occurs  at  a  certain  rate,  and;  another  sys- 
tehi'has'fmothertype>l)jf'bnitr  riiat^oecurs  at  a  different  rate.  By  put¬ 
ting  theeeitrio  to|^lter^;^iskiUid  of  like  lifting’ yourself  up  byi  your 
own  bottetrapSL;  Yim  do  bndt  up  with  a  combined  system  that  is  bkter 
thap'rithto  individual  cue.'  "  ■  ■  '  i  i  . 

The  phase  one  ^Uipu»dt  waa' used  to  investigate  the  V/STOL 
guidnqc»!prqblein  in-connhitiaii  wito  -avgtouhd-ba^  radari  The  re- 
snlring ’date  inVdlvte  the  wecnracf  df  toe  inertial  guidance  s3retem 
versus  toe  number’ of  updates  by  radar  from  the  ground,  and  the 
abenniey'of  <thw 'landing  point  imeh  results. 

Thiis  system- hfas  retmtfy'bUeh'in^lled  in  a  Langley  Besearch  Cen¬ 
ter  helicopter.  It  wiUicodtinae  to  be' used  by  thate  as  an  important 
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part  of  their  reeeareh  prolan  is 'V/8TOIi  Ih  thnr  qiae,  luHMrer, 
are  cm^ceraed  wkh  t&  atabtlity  and  eontnl  and  handling  ohar- 
aetmstics  <n  tlie  ati^anck 

The  next  phase  of  this  program^  which  is  about  to  begin,  introduces 
addidena!  eqniptnent  to  take  tW  nezi'stqp;  toward' a  aUttm^ic 
guidance,  navigation,  and  fliglit  oontini  ^3ritcaa.  The  idiaae  two  ays- 
ton  utilizes  a  stato-of-thsMurt'dig^l  computer  with- sTcapahdity  for 
cooiding  with  IYjS,  radar,  VOKrAC,  aiul.Z9etsins.  like  hnaa  and 
Deoca.  In  other  words,  it  will  couple  into  whatever  ground  baaed 
equipment  is  available  in  the  FAA  system.  Tldd  expmmehtal  sys¬ 
tem  will  be  evaluated  both  in  the  tenuinaliarea  jAase  and  the  lanmng 
phase.  Until  now,  we  have  been  concentrating  tm  the  landing  phase 
only.  This  new  system  will  also  be  used  in  the  teihmnal  area  phase. 
In  addition,  the  phase  two  system  wdl  provide  a  test  bed  for  ffight 
reeean^  on  various  sidwystems  and  dcmiMnents.  For  example^  we  will 
be  flight  testing  strapdown  gyros  and  issler  gyros  as  a  saDstitute  for 
convoitional  gyros.  It  you  will  <recallj  bmt  ywar  I  aoo^hasized  that  we 
had  no  intention  of  evtr  teooihniendHig  usii^  a  design  as  expenave 
as  the  Gemini  inertial  system.  Wa  were  iming'it  as  a  teat  vehicle  only. 
But  the  devices  I  am  referring  to  now  are'  devicSs  which,  if  proven 
feaable,  would  lower  the  cost  of  an  eqnivdcnt  system. 

Mr.  Hbchuou  How  expminve  isthat  laser  gyro? 

Mr.  Elks.  I  am  afraid  that  1  could  (mly  give  a  meaningless  an¬ 
swer.  It  is  in  the  researdi  phase  how.  You  wilThear  optimists  talking 
in  terms  of  a  few  hundred  dollars,  bur  b  will  be  n  long  time  before 
you  can  make  them  reliable  and  inexpensive.  Ihey  are  still  very  much 
in  the  development  idiasB. 

Another  device  that  we  are  looking  at  at  ERG  along  this  line  s  an 
air  speed  sensor  that  owrates  at  sxtaramely  low  speedA  This  has  been 
one  of  the  problmns.  Bliai  you  slow  donm  enough  in  a  VTOL  air¬ 
craft,  the  (xmventirMial  air  ^wed  indicator,  of  course,  is  valueless. 
Whmi  you  are  tryii^to  measure  2  or  3  iuiles  sn  hour  air  qpeed,you 
need  a  new  device.  We  have  a  prototype  sensiMr  that  has  bm  wind- 
tunnel  tested,  and  so  far  it  looks  pretty  good.  It  has  a  thradudd  of 
only  three-tenths  of  a  foot  per  second. 

Turning  to  coUisiim  avoidance — the  FAA  air  traffic  control  system 
provides  sqxaration  between  aircraft.  However,  when  visual  flight 
oonditimis  exist,  some  aircraft  are  not  under  pc^ve  control.  Rules 
for  VFR  fli^^  are  designed  to  minimize  the  risk  of  collision.  However, 
it  is  recogiuxed,  sad  has  been  pointed  ou^  that,  there  are  circumstances 
where  additiiMial  aid  in  the  form  of  airborne  equipment  would  be 
highly  denraUa 

At  last  year’s  hearings,  I  deeorHied  the  BBC  pnvram  to  develop 
a  pilot  warning  intbeator  device.  Thb  system  wilt  alert  the  pilot 
and  direct  his  sttoition  to  nearby  aircraft.  The  operation  of  the  pilot 
warning  indicatcK  is  in  principle  very  simple.  Eve^  aircraft  would  be 
required  to  carry  a  ldg^>inteiisity  xmion  l^t.  This  ligld^  emits,  as  we 
know,  a  hi^y  viable  flarii  which  is  readily  obeervabe  1^  the  pilot  of 
another  aircraft  (mce  his  attention  is  drawn  to  it.  These  lights  amul- 
taneously  anit  an  invisible  pulse  of  infrared  radiation  which  can  be 
detected  by  a  sensitive  silieem  detector  mounted  m  the  other  aircraft. 
Tie  idea  has  been  endorsed  by  the  FAA/COPAG  commitiee  wim  be¬ 
lieve  it  can  be  of  gr^  impmtonoe  in  reduciitg  near-miss  situations 
and  the  possibility  of  in-flight  collisions  in  "l^R  weather. 
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S$lMUater«ltidiM  ham  bwn  iMule  ftt  BBC  which  show  tkat  the  mo0t 
imp<Htsnt  zone  thse  should  be  aoaitemd  fav  suoh  s  system  is  thst  por¬ 
tion  ^  lorwsid  hem^ihMs  withm  plus  or  lainus  10  deerees  of 
the  horiaon.  Usin^  one  silicon  detector  for  s  solid  angle  of  20  degreee, 
tiiia  would  reqmTO  nine  dutaetora  in  total.  AppitMonii^  eoat  estimate 
indicate  that  this  tm  of  detection  unit,  incsudii^  a  di^lay,  would 
cost  in  the  range  of  five  hundred  to  a  thousand  do&rs  in  production, 
ther^^  placing  it  within  rMSonahle  rsnm  for  seneral  amtion. 

ERC  twB  eondnet^  a  eomp^^ioo  and  swarded  a  contract  for  the 
developnieBt  of  a  diglit  teat  detector  based  on  these  COPAG  specifi¬ 
cations.  The  first  unit  will  be  delivered  tius  month.  After  a  aeries  of 
tsbontory  tests,  the  unit  will  be  flight  tested  to  provide  experimental 
pttfinmiaiioe  data.  The  fli|^t  tests  will  be  made  during  the  spring 
of  1970  at  Wallops  illation,  Va^  where  precision  tracking  radar  and 
cb^  reduction  fanlities  are  available,  and  where  we  did  our  work 
the  V/STOL  guiduice  ^stem. 

Mr.  Gouiwaibl  How  will  this  be  displai^  in  the  cockpit?  What 
wilt  it  do? 

Mr.  Elms.  I  want  to  answer  that  as  thoroughly  as  I  can.  At  the 
moment,  this  is  a  resMiich  pre^ram,  and  the  main  thing  we  want  to 
fihd  out  m  this  find  phase  of  the  prognun  ^  does  the  thing  work? 
There  are  several  ideas  on  how  to  display  it.  The  particular  one  which 
will  in  the  first  ft^t  test  is  a  combination  of  an  aural  alarm  that 
goes  Uap  and  tells  you  to  look,  and  nine  lights.  If  the  l^t  in  the 
center  comes  on,  it  means  to  loidr  out  in  a  20^  cone  straight  ahead 
of  you;  in  other  wends  plus  or  minus  10^  up  and  down,  am  plus  or 
minus  10°  sideways.  If  the  second  light  to  the  right  comes  on,  it  says  to 
look  ont  to  tike  20°  and  look  plus  or  minus  10°  sideways  frenn 


Kow,  it  18  important  to  say  thid  this  is  a  research  prognun.  This  is 
not  a  ^off  <rf  a  sitigle  dengn  fin*  [ulot  evaluatiim.  It  is  simply  (me  way 
ot  doing  it.  If  we  msoover  that  it  would  be  better  to  have  two  rows  of 
lij^tB  and  cover  more  attitude,  then  we  would  make  a  mcxlification 
later  on  iu  the  flight  test  program. 

Mr.  CkKDwam.  Bat  it  would  indicate  tiie  quarters. 

Mr.  Elms.  Yes.  It  would  say,  *‘look  hcfne  or  l<x>k  there.”  I  will  cxnne 
hack  and  Mk  a  tittle  bit  more  Miont  it. 

'  Mr.-HBCHUOL  Mr.  Elms,  could  von  identify  what  (X>PA6  is? 

Mr.  Euks.  I  have  a  little  trouble  with  that  myself.  But  I  did  atic.  It 
ntaads  for  Collitiqn  Prevention  Advisory  Group.  It  consists  of  people 
ftorn  ALPA,  industry^  AOPA,  FAA.  It  is  an  ad  hoc  jgroup.  I  mij^t 
ask  Bill  Hai^r  who  is  present.  Does  it  have  an  officml  designation, 
beyond  that? 

Mr.  Habm.  I  believe  it  wae  officially  organized  by  the  FAA  about 
10  years  aga 

lur.  &iim.  At  any  rate,  it  is  a  place  where  people  from  the  various 
intoiested  otg^zauems  have  an  oppoitnmty  to  go  and  discuss  the  .sub¬ 
ject,  at  least.  We  d<m^  get  direetkm  from  them,  nut  we  feel  that  their 
imimons  are  well  worth  listoiing  to.  For  example,  the  epecification 
tnsy  came  up  with  is  that  this  device  caight  to  wenrk  at  least  3  miles  in 
haze  Lod  smoke. 

Mr.  Goldwater.  This  system  was  bom  out  of  the  space  effort,  as  I 
have  heard,  and  it  has  omy  been  under  development  for  over  a  year 
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1  nttdflntaad  it’Wby  bliihk  t4kng  n  leag  to  miky? 

BgtawaattltarebaghxBi  »loto£tolk>«ii«it>ki>i.:  .  ^  ..  i 
ifrr£tat&  Bigkfe*  Lefe  iae  |»iHBfaadiiuMm«)tb»itM|hoiioqgUy>ikB 

»  •  ■'  ■  ■!.■.»•);  M-.-r  s  •  ..  ■  ..  < 

liKtbe  ibk  plaoe,  Hie  Isp^c  idea  tbafcaawB«i  lamp  bastbeeeaeiMitiTB 
liiMS'at'iiiqa^teBtha  of  a.inictim<  or  00,  iA'additim  to  tlw  visible  flash, 
and  th»fa^t  that  yod  can  detect  it  iritbasilkxm  detector  came  up  in  the 
labover'ayear'agjB."*'^  '• 

To  rednoa  tins  idea  to  fli^tHwoiihy  haidwaro  has  tamed  out  to  take 
about  s  ySad.  Kow,  1  am  quite. frank  totoU  you  thsii  I  am  aa  impatient 
a8yo«are.I  with  it  faadtahttileasthhai  t  . 

Asu  nuttef  (k  fact,,  vm^  lebtatly^Iloertaanly  don^  want  to-tam 
this  into  something  dMuaatically  wrong  betoiiseiof  the  motedaing 

interesbthst  hhebemociHraeBed  lrom0ikmde,>aiid  theimcidamngintieB- 
est  iro^have  leidradves-^we  have  tyaBn  smne  aotiOn  in^the  last  2.or  3 


interests  are  lees  ih  reacaich  and  more  in ‘flet’s  .get  >8301^.” 

1  feel  Uke  the  man  whid  is>tlioldito  ooine>baek  with  hiaishi^  w  on 
it.  If  I  sit  here  next  year  aaidi  tcil  you  that  we  have  not  floiwn  it  yet,  I’ll 
be  on  HOT- shield..  I  .  .m  .  '  ■  .  'i 

Mr.  ^racJMracEU..  Do  (you  have,  any  predKtiOstSfWheh  this- would  be 
availableJO gCneiHil  aviation t  '■  r;  im 

Mr.  Enks.  I  will  answer  that,  but  before  I  do,  let  me  taU  you  what 
I  think  isieven  mdre  exciting.  While  we  have^  been  pm»edii^  firom 
the  research  area,  to  get  some  hardware  to  t^.  nut  .this  basic  ide^ 
some  of  uchr^nd  I  am-Queiaf  thepbrrdmte  beea  inoKdsingly  .coneesrnad 
with  the  following  question,,  whioh  X  would  kusd  . of  like  to  share,  with 
you  as  a  pilot.  Supposing  we  gotftlm.thiitg.:WQrkio8}usta8  I  dqscirlbed. 
It  telle  you  to  low  here  and  look  there  kxk  neste  again.  Sngapoae 

you’re  flying  tcOm  Buiidnk  to  Lwg  Boa^,  whiitfli.l.UitdQtstana.^on 
described,  itha  <dher:d^^  How.  many  times  would  the  alarm  go  off  i  It 
is  possible  that  you  might  say,  weljl^  thit’S' a- great  device,:  tmt-cah^ 
those  people  at  !l^£!.'eartJt'OUtia<iiittleibit),  sod  'ine.iwlmch 'dnes 
renreBSntsotnakmd'ofathreatitomaf.-. .  ' 

There  are  precise  scientific  ways  of  dstmuninlng. ’whether  tko  things 
will  run  iatoaach  other,  and f if  you  have  a  radar  sot,  a<rdatively  ex- 

Kusive  deipiea,;  it  is  easy  jbo  .iattrument  it'  so :  it  will-  do.  this.’  I>  imve 
.ve  bemr  worrying  .a^ut  tUs  for^a’coopleof  ytiarB.wnd.only  recently 
Ifate/lj  heen-toommaged  to-  thiuk  that  watamy^  witttont  too.tduob.ek- 
petise,  be.abla  tO'add  to. this  devioe'tha  oapshwiiyito  filter  brut  a  gneat 
many  of  what  you  and  I  would  call  false  alarms. 

Now,  that,  to  mo,  is'  a  veiry  eecoiting  tiunm  beoauso  What  I  havefteen 
worried  about  is  that  we  might  get  this  thing  working,  and  thmugo 
threi^hithepilot  evaluation  phaso,fuid  youloww  what  would  happen. 
Spim  pilots  would  say  it’s  otoera  wmild  Say^4^  gloea  off  too 

oflien,  and, I’m  .c<HiluBsd.^We-m]d^  then  hayaw  kitx^ien  whero  we 
have  $ho  hsticitech/toliW  worked  bat  stUl  hatro  a  peopto  ptob- 
fern;  One  group  ofipeople  might  say  this  is  fine.  8oinMne  eWmight say 
it  isn’t  worth  $1,000  to  require  me  to  have  this  system,  beoause  It 
maktotttosoaeevoas  I’d  turn  itoff. 


J.  M  , 
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I  ^  to  your  qiytotio^  WW  I  am  really 

ii)to)iBfrt«d  gfiM^  flight  teat  mflmrway  m  tim  next  few  rnontlmi 

f^wing  the  bi^c  ioM  wor^  and  Introdnmng  ulis  next  |>ha9e  as 
early  as  possible.  i. 

It  is  so  new.  I  can’t  quite  tell  you.  l\Iayl^  \mte  yoa  a  letter  in  a 
mwit^  oi^  so  and  give  you  the  answer  to  tnat.  But  I  think  we  want  to 
into  the  se^ind  phase  of  the  thing, as  seem  as  possiblef 
Now,  bow  1<^  would.it  be  until  it  is  avaUable  to  general  aviationf 
Ttus  w^s  your  original  question.  I  wanted  to  give  you  all  this  bade- 
ground  fitot.  It  IS  always  sevmral  years  to  get  from  feambility  to 
operatimi. 

But  wnne  lV  et  it,  I  inight  emp^dze  what  I  said  at  the  start.  Our 
role  is  not  to  develop  a  spedific  system.  Our  role  is  not  to  become  in- 
Tolyed  in  regulations,  in  other  words  in  the  FAA’s  business.  Our  role 
is  to  d^inonstrate  toakbilii^*.  So  in  a  way,  I  could  du<^  the  question 
by' toyiim,  1‘^nx  know,  b^tise  it  is  hot  my  business.  But  wnat  yon 
^bt^  when  is  it  postible  for  you  to  look  at  it  in  an  experi¬ 

mental  ’way'khd  say,  this  is  a  )^)od  system,  I’d  say  within  a  couple  of 
years.  ..... 

'  Bfr.  'Is'jmdustty  working  alpng  with  you  on  this  ? 

JUr.  Te^,  they.  are.  Aa  a  matter  of  fact,  after  we  let  this 

cbbi^fTtiye  'e^tn^  twO'  O^^  companies  decided  to  build  similar 
eqnipibkit,'u!^ii:^  their  own  resources.  Chie  of  them  will  be  delivered 


sininMntoh^  br^  the^^me  time^period  with  the  one  whose  develop- 
we*  pklufdb' 


realixev 

Witluh\ _ _ _ _ ^ _ _ _ _ _ 

bdnjb'  a  V^earch^ideii  they  plan  td  accelerate  it  and  see  how  fast 
they  can  go.  .  , 

Mr.  IfECfiinR.  Wllile  we  are  bn  this  subject — and  it  is  a  fascinating 
onO— ^what  ato  the  relative  expense  factors  involved  here  of  the  xenon 
light  and  the  silicon  detector!  ' 

.Mr.  BiiUS.  Ihd  x^ton  light  costs  in  the  -ordet  of  $100  each,  at  the 
momhnt.'^  '■'*  ' 

Mh  HkCHt^,  ireHi,,thfe  tommittto  overemphasize  the  im- 
pdiihnto  d?.Bui.kbd' we  ttoplaud  joh  for  yoiir  efforts.  And  I  just 

TPp  ^t^at  v^^hg  wjth  you  .on  this  development! 

Eji^sl;  naVe  a  jbint  tof^ittee.  Now,  yon  have  heard 

a  Ibt.tdwut  a.’^^unitteb  that  is  stiidyii^  what  we  ajre  supposed  to  do 
infhb'ftitoj^  Wd  ha^h'little'cbmmittee  ydu  may  not  have  heard  oh 
^^d,  I;db^  Ini^  What  the^tiiune’bf  it4s. 

,  Bitt.'I  hive  a  couple  of  pe6ple.<!m  ft  indndlng  Bpb  Wedan,  and  the 
B^t,  WfeTOr,' ab^o^er^^^ 

TbntolfftElmscdm!  . 

Mf^.-jEEMs:  Ndi  ’Ibis  m’t  jultlEBC.  It  is’ a  committee  involving 
the  cuirCHt  activities  of  FA  A  and  NASA.  In  fact,  they’re  meeting 
thisafterhqpn.  ' 

K  ft  amrifitobf  to  i^e  thbt  of  the  ,?iX  items  that  they  are  discussing, 
we'atb  ^bl*rea*  rq  f.hm  ol'th^.  I  would  say  m  answer  to  your  ques- 
ti6tf.phat  tjia  FAA'spbtids  itrlbre  fiine  dn  thihsrs\vmere  tiiev  thHik^ej|r 


s  imbre  tima  dn  thihgs.wnere  they  think 
nedikto cdhti^ntreionaticn  aain'  tne  V/S' 


38-881—70 - 88 


330 


IVPM  t'he  bliixd  landW  system  I  deacribed  for  conventional  air- 
(^uL"^d  I  tnink  that  FAA  participation  will  be  much 

md^  Sfrafk,  '^  i|^  to  thb  pplnt  that  I  was  describing  to  Mr.  Gold- 
vmter^'ifirhete  there  iis  something  to  fly. 

Ton  may  oontinne. 

V  let  mo  talk  for  a  mom^t  id>out  another  program 

at  FBC  related  to  colliiumi  avoidance.  This  is  an  electromechanical 
h(B<^np .  attitnde  to^cator.  Th&  device  plac^  a  rod  between  &e 
pubt  imd'  tho  wind^eld^here  the  rod  mamtai^  an  alignment  with 
tlm.h^rizbh  as  the  aircraft  pitches  and  rolla  This  is  like  an  artificial 
hbrizdn,  only  it  is  a  rod  up  there,  in  ^nt  of  your  eyes,  brtween 
yw  and  the  windshield.  Consequently,  it  serves  to  move  the  pilot^s 
eyes  from  Aa  cockpit  to  the  outmde  scene,  where  he  can  then  be  more 
to  cduidcm  hazards. 

pr^ciphl  advantage  of  this  device  over  the  more  conventional 
optical^inojcction  ^emes  is  the  very  much  lower  cost.  The  first  thing 
one  thinks  al^t  is  pr^e(^ing  an  art^cial  horizon  on  the  wind¬ 
screen  but  it  is  astounding  how  much  it  costs  to  do  something  that 
sounds  that  ea^. 

^  Our  device  is  controlled  ^  the  aircraft’s  vertical  gyro  thmngh  a 
s^ple  servocontrol  syst«n.  It  is  a  very  ample  device,  and  this  is  one 
iqsa  we  moved  fast  on,  because  it  didn’t  require  anything  more  than 
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ju»  patting  some  things  together  in  our  own  ma«»hiT>A  shop.  A  variety 
of  puote  have  said  they  prefer  this  type  of  indicator,  because  instead 


of  looking  at  an  artifflcial  horizon,  you  look  at  som( 
pit  ahead  of  you  which  in  fact,  emulates  the  horizon. 


in  the  cock- 


the  moving  around.  When  the  smoke  goes  away,  yon  see  the^rod 
coincidii^  with  the  horizon.  So  it  is  a  simple  gadget,  and  it  can  be 
inexpensive. 

far  as  when  tWs  could  be  available  to  general  aviation,  it  is 
available  now.  It  is  jnst  a  matter  of  generatii^  some  interest.  Some 
manufactarers  are  looking  into  it.  Again,  it  is  not  our  business  to 
push  it  any  farther.  We  have  demonstrate  tlmt  it  works. 

Now  for  a  different  subject.  NASA’s  research  in  the  use  of  satd- 
lites  for  navigation  and  air  traffic  control  and  surveillance  was  briefly 
mentioned  last  year.  A  program  is  evolving.  Two  NASA  centers  axe 
inVolv(^,  the  Qoddard  Space  Flight  Ceter  and  EBC.  Goddard  has 
the  ^  primary  dev^pment  reroom^ility,  becaose  of  thmr  vast  ex¬ 
perience  of  course  in  aatdlites.  Onr  involvement  is  based  on  our  eftrli«»r 
work  m  systems  a^yris  of  soch  a  device^  which  I  described  last 
year,  mvolving  studies  of  orbits,  ranging  measorements  for  positions, 
and  m^hods  of  modulating  for  voice  and  data  oonimnnif»it.t.iftH(^  At 
this  point  at  we  ate  riiifting  empbasis  frinn  definition  studies 
to  development  of  instrumentation.  These  require  laboratory 
testing  for  Mrformance  measuremente.  Otoe  development  that  has 
re^ed  the  ^rdware  stage— the  ei^rimental  flight  test  hardware 
seam^is  an  l^band  receiver.  The  E-band,  sometimes  called  IIIEIP, 
candidate  for  the  operating  frequency  range  of  the  system. 
Wterject  that  the  reason  for  this  is  thi^t  the  bands  that  we  are 
now  are  getting  so  cluttered,  you  have  to  think  about  going 
eW  %e  L-band  is  an  open  area-  However,  the  lack 
^  xm  of  thie  feequenegr  te  tihie  ^ oi  applksp 


tion  requires  further  testa  And  in  these  tests,  we  must  examine  back¬ 
ground  noise,  multipath  measuremenfa,  and  ranging  accunu^. 

We  had  hoped  to  obtain  these  data  with  the  aid  of  an  FAA  aircraft, 
working  with  the  ATS— E  satellite.  The  ATS-E  satellite  failed  to 
stabilise  after  its  launch  la^  August.  ESC  has  generated  a  substitute 
program  using  high  altitude  aircraft  to  simulate  the  spacecraft.  This 
proinam  will  provide  us  with  a  limited  amount  of  data  to  work  with 
untu  the  Al^F  is  launched. 

There  are  other  NASA  avionics  pi-ograms,  and  I  will  discuss  them 
briefly.  These  include  fly-by- wire  i^stems — wliich,  incidentally,  I 
know  Mr.  Kirschner  discussed  as  an  important  aspect  of  V/STOL — 
detection  of  clear  air  turbulence,  and  the  application  of  biotechnology 
to  aeronautics. 

If  we  look  at  the  control  systems  of  large  aircraft,  like  the  jumbo 
jets  and  the  SST,  the  advantages  of  fly-by-wire  systems  to  replace 
mechanical  control  systems  become  apparent.  The  mechanical  control 
systems  are  exceedingly  heavy  devices.  In  a  fly-b^-wire  system,  elec¬ 
trical  sensors  are  attached  to  the  pilot  controls.  They  are  connected 
electronically  to  the  aircraft  control  surface  actuator.  Pilot-induced 
motions  of  the  control  wheel  therefore  cause  the  control  surfaces  to 
move  without  any  direct  mechanical  connections.  As  I  said,  mechanical 
systems  characteristically  are  heavy  and  have  high  friction  forces  for 
a  larger  aircraft. 

The  potential  advanta^s  of  substituting  electrical  or  fly-by-wire 
systems  for  the  mechanicju  designs  are  clear.  However,  concern  regard¬ 
ing  their  reliability  is  limiting  their  use.  Therefore,  ERC  is  concen¬ 
trating  on  design  techniques  to  achieve  highly  reliable  fly-by-wire 
systems.  The  reliability  goal  should  be  as  hi^  as  that  of  the  primary 
structure  of  the  sircratt. 

I  rn^ht  add,  after  we  achieve  this  objective,  we  are  going  to  have  a 
hard  time  convincing  people,  because  people  just  don’t  like  the  idea  of 
not  beii^  connects  mechanically  to  the  <»ntrol  surfaces  that  are 
moved.  first  we  have  to  be  sufficiently  sure  that  we’re  right,  and 
then  we  are  going  to  have  a  problem  convincing  people.  At  least  some¬ 
one  is  going  to  have  a  problem. 

WeU,  anyway,  how  do  we  do  this?  We  consider  the  prime  power 
generation  and  distribution,  power  interruptions  for  any  reason,  in- 
cludii^  such  things  as  lightning  strik^,  which  w'ere  broi^ht  to  our 
attention  recently,  multiplexing  techniques,  redundancy  in  sensing, 
signal  transmission  and  actuation,  and  ground  checkout. 

As  I  motioned  much  earlier,  we  at  ERC  are  working  (>n  navigaticin 
for  <x>mmercial  airliners  in  the  terminal  area.  In  addition  to  this, 
Langley  Research  Center  is  investigatii^  sevei’al  terminal  area  radio 
navigation  tedhniques  for  general  aviation,  with  the  intent  of  apply¬ 
ing  techniques  developed  in  the  space  program  wlierever  possible. 

Now  a  very  differ^t  subject  that  has  become  very  important  in  the 
last  year  is  tne  consideration  of  the  expense  of  flight  teeing  in  order 
to  prove  the  feasibility  of  the  ideas  we  are  generating.  Berore  flying 
anything,  <me  should  go  tlirough  a  period  of  analysis  and  laboratory 
tests.  Yon  might  as  well  find  as  many  problems  as  possible  on  the 
ground,  because  it  is  so  much  more  expensive  to  perform  flight  tests. 
We  are  discovering  that  a  v^  important  part  of  this  ground  testing 
requires  simulating  the  environment  of  the  flight  system  by  the  use 
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of  laboratory  computers.  This  step  oah  be  compared  to  the  use  of  wind 
tunnels  for  eraluating  aircraft  performanee. 

We  now  ^ow  how  important  wind  tunnels  are.  I  imagine  some 
people  back  in  1916  wondered  why  we  spent  all  that  money  for  wind 
tunnels.  Why  didn’t  you  just  go  up  and  fly  it  smd  see  how  it  works? 
We  are  in  tnat  phase  now.  Some  people  say,  are  you  very  sure  you 
want  a  big  simulator  to  simulate  the  air  traffic  control  system ;  in  other 
words  to  simulate  the  avionics  environment?  Are  you  really  sure  you 
want  to  do  that? 

And  I  have  a  feeling — I  am  going  to  be  a  prophet  here — I  have  a 
feeling  that  this  is  somewhat  like  saying,  in  the  old  days,  “Well,  why 
bother  testing  this  little  model  in  a  wind  tunnel?  Why  don’t  you  just 
go  up  and  fly  a  real  airplane  and  see  how  it  performs  ?’’ 

I  think  there  is  a  lot  of  money  to  be  saved  by  looking  at  avionics  as 
such  an  important  function  that  you  can  put  it  in  a  simulated  environ¬ 
ment  and  test  it  on  the  ground,  instead  of  saying  that  avionics  are  little 
black  boxes  that  you  buy  at  the  store  and  install  them  in  an  airplane — 
which  is,  of  course,  the  way  we  did  it  years  ago. 

Another  field  of  interest  to  practically  everybody  is  clear  air  turbu¬ 
lence.  There  is  a  national  clear  air  turbulence  committee,  with  partici¬ 
pation  by  many  groups. 

I  will  mention  the  clear  air  turbulence  activity  of  my  fellow  cmter 
first.  Langley  Research  Center  is  conducting  experiments  using  laser 
technology  to  detect  clear  air  turbulence.  It  is  a  fascinating  thought, 
but  it  is  not  quite  ready  for  flight  test.  As  you  know,  this  involves 
using  a  laser  like  a  radar  set.  You  bounce  the  laser  beam  off  something, 
and  then  measure  the  echo.  The  ground  tests  are  very  interesting,  and 
I  am  sure  they  will  get  into  flight  testing  ultimately  with  this  device. 

We  at  ERC  have  a  more  conventional  device  which  measures  atmos¬ 
pheric  temperature.  This  is  a  radiometer.  A  radiometer  is  half  a  radar 
set..  It  is  the  part  of  the  radar  set  that  receives.  We  have  developed 
radiometers  for  many,  many  years,  and  for  many  uses,  but  this  is  sort 
of  a  new  way  to  use  a  radiometer — to  look  forward  as  far  as  a  hundred 
and  twenty  miles,  measure  temperature  difference^  and  then  tiy  to 
correlate  these  temperature  differences  with  clear  air  turbulence.  Two 
of  these  radiometers  have  been  built  at  ERC.  We  have  subjected  them 
to  environmental  tests.  They  are  ready  to  fly.  There  is  an  RB-57-B 
which  will  be  available  at  the  Flight  Research  Center  early  in  1970, 
^rhaps  as  early  as  January,  which  will  be  used  to  flight  test  this 


device. 

One  of  the  basic  unknowns  that  must  be  resolved  is  the  relationship 
between  the  <][uantity  measured  and  the  existence  of  clear  air  turbu¬ 
lence.  As  I  said,  the  ERC  radiometers  will  measure  temperature  fluc¬ 
tuation.  .  But  the  question  remains,  just  how  good  is  the  correlation 
between  temperature  fluctuations  and  turbulence?  We  think  it  is  good, 
but  we  haven’t  measured  it.  Flight  tests  with  the  ERC  system  will 
provide  data  on  this  question  for  millimeter  wave  lengths.  The  Langley 
tests  will  do  the  same  for  the  visible  spectrum. 

I  think  I  should  add  here,  before  someone  asks  me,  who  else  is  work¬ 
ing  on  this  problem.  There  is  quite  a  lot  of  activity.  The  Boeing  people 
have  been  pursuing  a  program  using  conventional  radar.  The  Canadian 
Government  has  also  been  sponsoring  tests  using  radar.  There  is  a 
system  developed  by  one  of  the  aerospace  companies  on  the  west  coast 
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which  functions  somewhat  like  ours,  except  it  uses  infrared,  whereas 
.w«lkVe  in  the  microwave  frequencies.  .< 

Now  for  a  few  words  about  physiological  monitoring.  Aerofnautice, 
and  high-spe^  flight  in  particular,  of teti  result  in  high-stress  levels. 
Because  of  this,  interest  exists  for  monitoring  pilot,  crew  and  ground 
controller  performance,  and  the  so-called  man-machine  interface  dur¬ 
ing  occasions  of  stress.  Such  monitoring  should  furthermore  be  non- 
encumhering,  noninvasive,  atraumatic,  and  it  should  also  measure 
mental  ajei^ess. 

When  I  say  atraiunatic,  I  me.an  nontroublesome  sen^rs.  One  of 
the  things  that  I  am  sure  jmn,  have  heard  enough  about  is  that  it  is 
difficult  to  do  your  job  with  too  many  things  attached  or  implanted. 
These  attached  devices  do  affect  your  stress  levels.  So  it  is  extremely 
important  to  work  in  this  area  of  atraumatic  or  nonconnected  devices. 
Lart  year  our  sUvtement  described  the  remote  oculometer  being  devel¬ 
oped  by  ERC.  This  is  an  electro-optical  instrument  which  measures 
eye-pomting  directiCn,  pupil  position,  pupil  diameter  and  blink  occur¬ 
rence.  The  feasibility  of  the  remote  oculmneter  has  now  been  success¬ 
fully  demonstrated.  The  indications  are  that  this  instrument  can 
contribute  to  flight  safety,  to  more  efficient  cockpit  layout,  to  phycho- 
logical  performance  monitoring,  and  as  a  training  device  or  simulator. 

The  FAA  has,  for  example,  ondered  a  head-mounted  oculometer  to 
determine  where  pilots  are  looking  outside  of  the  airemft.  The  Depart¬ 
ment  of  Defense  is  also  interested  in  using  the  oculometer  'or  real-time 
target  deagnations.  We  are  presently  working  in  connb....iOn  with  the 
Lesley  Research  Center  toward  applying  the  oculometer  to  airctaft 
simulators  and  to  aircraft  man-machine  interface  studies. 

An  interjection  here,  in  the  past,  when  you  put  a  pilot  in  a  codepit 
simulator,  he  Writes  a  report  later.  He  might  say,  for  instance,  “I 
found  the  thing  kind  of  busy,  and  I  had  to  look  around  a  lot.”  This 
is  a  subjectu  e  type  of  evaluation. 

With  the  ocidometer  we  have  an  objecti-v  e  report  on  how  much  he 
looks  around,  and  whei’e  he  was  looking.  If  his  eyes  are  frequently 
going  from  here  to  liere  and  back  again,  you  get  a  clue  that  maybe 
those  two  instruments  ought  to  be  a  little  closer  together. 

One  more  subject.  A  NASA  intercenter  program  of  r^arch  in  the 
high-speed  flight  regime  is  based  on  the  recent  acquisition  of  the 
YF-12,  We  wfll  use  the  FY-12  to  investigate  problems  of  flight  path 
management  considering  the  interactions  of  the  pilot,  flight  control 
system,  displays,  and  the  ATC.  Examples  include  altitude  hold  under 
maximiun  performance  conditions,  procedural  techniques  for  climbout, 
enzise,  and  descent  to  optimize  performance.  These  are  important, 
among  other  things,  because  of  the  SST  development. 

In  addition  we  will  use  the  YF-12  to  oonduot  reaearch  on  eleotxonia 
components  and  subsystems  of  the  satellite-based  navigation  and  traffic 
control  system,  which  I  told  yon  about  earlier.  Specific  tests  will  include 
environmental  effects  on  L-band  antennas  and  receivers,  assessment 
of  position  determination  capability  of  the  satellite  navigation  system, 
and  another  handle  on  the  multipath  problem,  which  we  bad  hoped 
to  get  at  by  now. 

The  ele^ronics  research  program  indicated  here  represents  only  a 
portion  of  the  total  planned  YF-12  program.  Other  centws  are  in¬ 
volved  in  investigations  or  tests  on  structures  and  flight  loads,  aero- 
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elastic  effects  on  stability  and  control,  aircraft  dynamic  and  aero¬ 
dynamic  characteristics,  engine-inlet  research,  handling  qualities, 
etcetera. 

I  have  attempted  to  describe  some  of  the  ways  NASA  provides  elec¬ 
tronics  support  to  aviation  by  detailing  work  at  ERC  and  at  other 
NASA  centers.  Much  of  this  work  is  a  direct  outgrowth  of  NASA’s 
long-established  aircraft  vehicle  research  program. 

(^her  research  more  closely  su^orts  the  operation  of  an  aircraft 
in  an  ATC  environment,  or  ATC-related  research.  I  have  also  at¬ 
tempted  to  describe,  by  example,  our  increasingly  productive  relation¬ 
ships  with  the  FAA  in  these  latter  ar  is. 

We  are  convinced  that  the  research  needs  of  the  aviation  industry 
can  only  be  met  by  an  overall  research  approach  to  both  aircraft  prob¬ 
lems  and  to  the  systems  problems  inherent  in  operating  the  aircraft 
in  a  real  world  environment. 

Mr.  HECHuai.  We  appreciate  very  much  this  description  of  ERC’s 
activities  and  contributions.  In  addition  to  the  things  you  have  high¬ 
lighted,  you  have  contributed  to  our  vocabulary,  also. 

Mr.  Helstoski. 

Mr.  Helstoski.  No  questions. 

Mr.  Hechler.  Mr.  (joldwatsr. 

Mr.  GfoLDWATER.  I  was  interested  in  this. 

You  were  talking  about  this  fly-by -wire  concept. 

Mr.  Elms.  Yes,  sir. 

Mr.  OoiiiwATEn.  This  is,  I  take  it,  an  entirely  electrical  system? 

Mr.  Elms.  Yes,  sir.  I.et  me  .say  two  things  about  it.  bur  early 
astronauts,  all  of  whom  are  friends  of  mine,  I  think  would  allow  me  to 
say  that  they  not  only  were  pilots,  but  they  were  pilots’  pilots.  And 
when  they  Parted  the  space  program,  they  came  equipped  with  the 
background  of  pilots;  and  the  firm  opinion  of  pilots;  and  I  am  sure 
that  not  a  one  of  them  liked  the  idea  of  fly-by-wire,  when  they  first 
heard  about  it;  and  now  I  think  they  all  like  it.  We  had  a  fly -by-wire 
S3'stem  for  sure  in  all  its  glory  in  the  Gemini  program,  and  we  of  course 
have  it  in  the  Apollo  program. 

We  can  consider  saving  weight  in  the  supersonic  transports  where  it 
is  extremely  important  in  terms  of  the  pounds  per  dollar,  and  how 
many  people  you  can  take  to  Europe  and  so  forth.  But — and  this  gets 
to  a  point  that  I  have  made  when  I  talked  to  the  bankers  association — 
some  say,  why  on  earth  do  you  spend  all  this  money  in  space?  This 
is  an  example  of  the  benefit  that  results  from  the  fact  that  in  space  you 
have  an  absolute  requirement  to  do  something  despite  certain  limita¬ 
tions.  We  didn’t  have  boosters  big  enough  to  lift  a  spacecraft  big 
enough  to  carry  heavy  control  systems,  so  we  were  forced  to  look  harder 
a£sonie;of  the  things  that  are  techilically  feasible,  but  require  a  great 
deal  of  effort.  So  when  we  talk  about  fly-by-wire,  we  are  talking  about 
something  that  has  happened.  It  has  happened  in  space.  This  is  the 
first  time  I’ve  thought  of  it,  sinco  you’ve  a.sked  me  the  question,  but 
this  is  a  space  application.  We  usually  think  of  applying  things  like  the 
Gemini  guidance  system. 

The  a.stronauts  lives  certainly  depended  on  that  fly-by-wire  system, 
just  as  will  be  the  case  in  an  airplane.  We  were  faced  with  this  require¬ 
ment  ;  we  were  forced  into  it,  and  tve  did  a  good  job.  We  never  had  any 
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trouble  with  it  and  therefore  we  are  confident  that  something  can  be 
done  to  apply  what  we  learned  to  aircraft. 

The  hi^c  astern,  Mr.  Goldwater,  involves  the  technique  of  con¬ 
necting  the  pilot’s  controls  to  the  control  sur&ces  by  electncal  means. 
There  is  anc^er  aspMt  to  the  problem — “Ability  augmentation.”  As 
you  go  from  littie  simple  airplanes  to  big  ones  like  the  supersonic 
transport,  you  get  yourself  into  a  situation  where  you  can  make  a  more 
efficient  airplane,  providing  you  are  willing  to  put  up  with  some 
“instability.” 

I  am  not  an  aerodynamicist,  and  I  am  not  going  to  get  in  the  bum¬ 
ness,  but  if  you  decrease  the  stability  of  an  airplane,  you  can  get  some 
gains  in  performance.  Now,  if  you  already  have  a  %-by-wire  wstem 
working,  we  electronics  people  would  love  to  put  a  liMle  black  box 
between  this  mput  and  that  output  to  make  up  for  this  instability  at  a 
great  saving  in  weight. 

What  I  am  trying  to  say  is  stabOi^  augmentation,  which  can  cut  a 
tremendous  amount  of  weight  out  of  an  airplane,  and  fly-by- wire  are 
first  cousins.  In  fact,  they’re  the  kind  of  first  cousins  that  ought  to  get 
married. 

Mr.  Goldwater.  I  have  seen  the  hydraulic  mechanisms  for,  say,  an 
F4,  and  they  are  quite  sizable  and  weigh  a  great  deal.  Is  this  supposed 
to  replace  tms? 

Mr.  Elms.  I  am  not  exac^  familiar  with  that  thing,  but  I  think  the 
quick  answer  would  be  no.  Tou  have  finally  got  to  have  the  muscle,  in 
other  words,  the  actuator. 

Mr.  GkiLOWATira.  I 

Mr.  Elms.  It  is  how  do  you  get  from  one  end  to  the  other. 

Mr.  Goldwater.  The  control  goes  back  to  the  tail  surface? 

Mr.  Elms.  On  the  other  hand,  that  was  a  very  quick  answer.  I  know 
of  another  experimental  system,  where  hydramic  actuators  are  ui^ 
to  actually  provide  some  of  the  redundancy  required  for  safety.  In 
those  cases  you  definitely  can  improve  the  situation  with  electronics. 

Mr.  Goldwater.  What  you  are  talking  about  is  going  from  the 
controls  whei^our  hands  are,  to  the  tail,  by  electronics  ? 

Mr.  Elms.  Yes. 

Mr.  Goldwater.  Instead  of  wire. 

Mr.  Elms.  Yes.  What  you  have  now  is  a  cable  that  goes  back  and 
opens  a  valve  and  lets  hydraulic  fluid  in.  If  that  is  jdl  there  were  to  it, 
just  a  cable  from  here  to  here,  then  you  are  not  saving  very  much. 

"When  you  start  putting  in  the  redundant  ^sterns  for  the  things  that 
happen,  the  vi&y  you  get  around  a  failure  of  a  hydraulic  cylinder,  and 
so  forth,  you  then  start  seeing  an  addition  of  wm^t,  which  could  be 
helped  by  the  fly-by-wire  system.  If  you  look  at  a  big  system,  you 
will  find  some  hydraulic  actuators  doing  what  you  thi^  they  ou^t 
tb  be  doing.  Then  you  will  find  some  others,  and  you  have  to  puzzle  out 
what  they  are  doii^.  M's!!,  they  are  there  to  operate  in  the  event  that 
another  one  foils,  in  a  certain  way.  And  when  you  come  to  this  redun¬ 
dancy  in  safety  features,  tlmt  is  where  1  believe  ultimately  we  will  be 
able  tp  save  wei(dit> 

Mjr.  Gchldwater.  I  <»rtainly  enjoyed  your  testimony.  What  you  are 
doing  is  certainly  ve^  excitmg.  Top  talk  abopt  thin]^'of  the  future 
that  people  can  understand.  I  enjoyed  it. 

Mr.  Elms.  Thank  you  very  much. 

Mr.  Hechler.  Mr.  Wydler. 
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Mr.  'WTPf.ES.  Mr*  E^ms,  we  have  been  ii^terested  in  the  question  of 
steep  (fesceiit  by  airci^ft  into  airfield^,  mainly  from  the  point  6f  view 
of  bmng  &  noi^  abatement  procedum,  and:  it  seems  to  me  it  was  some¬ 
thing  inat  Was  Vei7  ^  b^g  withiii  the  state  of  the  art,  right 
now;  of  accomplishment.  ’  / 

'  I  nave  been  told  ih  the  last  few  yeam,  and  even  received  a  letter  today 
whidi  I  couldn't  full^  undetstmid,  indicating  that  there  were  some 
technical  problems  in  this  regard  that  still  needed  solution  before  it 
could  be  done. 

Is  the  Electronics  Research  Center  charged  with  the  development 
of  any  equipment  with  procedures  in  regard  to  the  steep  descent  land¬ 
ing  problem  St  the  pre^nt  time  1 

Wjt.  EijUs.  We  do  hot  have  a,  specific  assignment  on  steep  descent. 
However^  th^rogiums  which  I  have  b^n  describing  that  started 
with  the  V/STOL  program,  the  V/STOL  guidance  and  landing  pro¬ 
gram,  the  conventional  jet  landing  program,  and  so  forth — we  are  get¬ 
ting  at  the  very  basics  of  how  do  you  provide  a  pilot  with  information 
so  he  can  fly  an  Unusual  path — steep  descent  is  one  form  of  unusual 
path. 

Mr.  Wtdler.  Excuse  me.  But  why  would  you  describe  it  as  unusual  ? 
Because  is  n<W  this  beii^  done  now?  . 

Mr.  Elms:  That’s  right.  Just  like  V/STOL  is  unusual,  compared 
with  an  ordinary  aircraft.  jBut  although  we  started  with  the  V/STOL, 
We  then  got  ourselves  into  a  conventional  approach  and  landing  pro¬ 
gram,  and  then  into  unconventional  approaches  such  as  leading  people 
into  the  airport  in  a  curved  path. 

I  guess  the  answer  to  your  question  is  the  work  that  we  are 
doing,  as  far  as  guidance  and  navigation  along  a  stifle  path  to  a 
specific  point  can  be  used  as  basic  data  input  into  the  steep  descent 
problem. 

Mr.  Wthuer.  But  that  doesn’t  seem  to  me,  as  a  nontechnician,  to 
bfe  really  the  problems  that  they  are  worried  about. 

They  talk  more  about  the  problems  being  one  of  the  pilot  being 
able  to  get  his  aircraft  out  of  the  descent  path  at  any  point,  and  they 
want  lift  controls  and  improvements  and  so  on  and  so  forth.  But  I 
don’t  understand  all  the  jargon.  But  that  seems  to  be  the  question  that 
is  raised.  They  seem  to  have  passed  by  there  other  questiohs. 

Mr.  EiiHS.  Let  me  make  a  couple  of  statements  here.' The  first  thing 
I  want  to  tell  you  is  l  am  not  ah  expert  in  this  area. 

Mr.  Wtldeb.  l  am  just  interested  now  in  what  you  may  be  charged 
with  doing  on  there  problems. 

Mr.  EiiUS.  Well,  we  are  charged  with  working  on  the  general  prob¬ 
lem  of  providing  ^idance  and  navigation  for  any  kind  of  flight  path. 

Now,  I  am  not  an  expert  m  what  the  limiting  factors  are  in  the  steep 
descent,  whether  the  limiting  factors  are  people  problems,  or  getting 
people  to  get  used  to  it;  whether  there  are  problems  of  reliability ;  or 
whether  they  are  problems  that  I  don’t  understand.  I  am  not  sure. 

You  know,  I  have  been  reading  what  has  gone  on  here,  and  I  read 
reme  of  <^e  earlier  questions  you  asked,  Mr.  WycUer.  Maybe  I  can  leave 
it  like  this :  When  I  read  some  of  your  earlier  questions,  I  said  to  my¬ 
self,  whw  I  have,  some  time  I  am  going  to  find  out  more  about  this. 
So  tnat  is  the  best  I  can  say.  I  am  not  an  expert  in  it. 


Mr.  W-rnf.i».  Buib  you  cam  aaaure  sob  that,  the  liuut  of  what  you  have 
been  charged  to  do  is  along  the  linea  of  what  yon  testified  here. 

Ii&.  Elms.  It  indndes  wcsrk  .^hich  oould  be  applied  to  that  area,  as 
far  as  I  know.  And  I  am  a  layman  in  the  area.  I  am  going  to  look  into 
it 

Mr.  Wtdleb.  Mr,  Ghau^ap^;woold  wu  give  me  permission  to  just 
digress  for  about  2  minutes  with  Mr.  Elms?  I  would  just  like  to  get 
a  little  bit  of  an  idea  where  they  are  at  ERC  in  construction. 

Mr.  Hechter.  Providing  you  don’t  ask  him  where  the  New  York 
airport  ought  to  be  located. 

Mr.  WTin.ER.  No,  I  won’t  ask  him  that 

Would  you  please  tell  me  how  you  are  doing  up  at  ERC  with  your 
construction  progress? 

Mr.  EiiMs.  Yes.  It  is  more  fun  every  year.  Two  years  ago  we  had  to 
say  why  we  hadn’t  done  anything  yet;  last  year  we  said  we  were  going 
to  do  something;  and  this  year  we  can  fortunately  say  we  have  done  it. 

We  are  moving  into  the  center.  We  have,  as  you  know,  over  ^6  mil¬ 
lion  worth  of  buildings — the  14-story  central  laboratory  building,  the 
auditorium,  the  guidance  laboratory — which  is  a  unique  facility — and 
the  optics  laboratory.  People  are  beginning  to  move  m.  We  will  be  in 
and  working  by  around  March. 

]^.  Wtduer.  Thank  you. 

Thank  you,  Mr.  Chairman. 

Mr.  Hechler.  Thank  you,  Mr.  Wydler. 

One  final  question  in  addition  to  what  you  discussed  about  fly-l^- 
wire.  What  are  you  doing  in  the  area  of  developing  power  systems? 
And  is  there  a  possibility  of  a  breakthrough  in  this  area  ? 

Mr.  Elsis.  Mr.  Hechler,  by  “power  systems,”  you  mean  electric  power 
systems? 

Mr.  He<;hler.  Yes. 

Mr.  Elus.  We  are  involved — and  other  centers  are,  also — in  taking 
a  new  look  at  electrical  power. 

We  traditionally  have  had  low-voltage  direct-current  systems  and 
4W-cy<de  altwnating-current  systems.  We  are  looking  at  the  use  of 
higher  fr^uency  alternating  cur.'int  and  higher  voltage  direct  current 
and  the  kind  of  distribution  and  utilization  equipment  that  can  handle 
it.  It  is  now  in  the  research  stage,.  The  research  experts  are  tremendously 
enthusiastic  about  the  saving  in  weight  and  the  increased  reliabDity 
that  you  can  get  by  using  advanced  electrical  systems.  It  is  very  excit¬ 
ing,  but  there  is  a  lot  of  work  to  do  beforej^ple  are  going  to  change 
to  a  radically  different  electrical  system.  There  is  great  promise,  but 
it  is  still  in  the  research  stage. 

You  know,  we  talked  last  year  about  the  difficulties  in  directing 
re^arch.  If  you  get  too  enthusiastic,  and  say  we’re  going  to  do  some¬ 
thing  a  year  from  now,  you  may  push  an  idea  into  development  too 
fast.  But  if  you  are  too  relaxed,  it  may  never  happen. 

As  we  discussed  last  year  the  problem  is  how  to  keep  in  the  middle. 
I  hope  we  are  doing  so  in  this  electrical  area. 

Mr.  Hechter.  Well,  thank  you  very  much,  Mr.  Elms.  You  have 
been  veiy  helpful  this  morning. 

Mr.  Enins.  Thank  you. 

Mr.  Hechter.  I  am  pleased  to  welcome  to  the  committee  Dr.  John 
S.  Foster,  Jr.,  the  Director  of  Defense  Research  and  Engineering. 
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Dr.  Foster,  it  is  a  pleasure  to  have  you  before  the  committee,  and  if 
you  have  a  pieMied  statement,  you  may  proce^. 

Dr.Vovim.  ^Iliank  you  very  much,  lu.  Churmani 

8T4TEMEBT  OF  OB.  JOHN  8.  F08TEB,  JB.,  OIBECIOB  OF  OEEEN8E 


Mr.  Chaiiman  and  members  of  the  subcommittee,  it  is  a  pleasure  to 
appear  today  before  this  distinguished  subcommittee  to  talk  about 
aeronautical  research  and  development.  This  is  a  most  important  series 
of  hearing,  for  the  problems  and  opportunities  of  aeronautical  re¬ 
search  and  development  are  national  in  scope,  they  are  both  public  and 
private,  they  relate  both  to  war  and  to  peace,  and  they  are  shared  by 
three  major  parts  of  the  Federal  Government. 

It  is  essential  that  aeronautical  research  and  development  be  a  na¬ 
tionally  coordinated  program  and  that  this  subcommittee  continue  to 
provide  overall  national  insight  and  leadership.  We  who  have  respon¬ 
sibility  for  this  work  in  the  D^artment  of  Defense  want  to  take  every 
opportunity  to  coordinate  it  with  this  subcommittee. 

1  will  start  with  a  broad  overview  of  the  status  of  aeronautics  today 
in  the  Defense  Department,  include  the  lessons  from  the  war  in  South¬ 
east  Asia,  describe  some  of  our  near-term  research  and  development, 
and,  finally,  make  some  specific  proposals  for  the  future.  Dr.  Seamans 
will  present  a  detailed  description  of  Air  Force  programs,  policies, 
and  needs. 

_  You  will  note  from  our  two  presentations  that  the  importance  of 
aircraft  and  aeronautical  research  and  development  is  not  diminish¬ 
ing.  On  the  contrary,  the  services  are  depending  more  and  more  on 
aircraft  to  help  meet  the  many  and  varied  defense  responsibilities 
assigned  to  them. 


Tile  harsh  war  in  Southeast  Asia  has  provided  an  object  lesson  in 
the  continuing  need  for  a  broad  and  advanced  aeronautics  program. 
Aviation  has  assumed  an  unprecedented  share  of  the  logistics  burden. 
Kew  basic  mobility  has  been  provided  through  the  air.  Close  air 
support  has  risen  to  a  new  level  of  effectiveness. 

^e  foot  soldier  and  marine  are  still  our  ultimate  weapons,  but  they 
cannot  reach  the  conflict  and  cannot  be  sustained  and  protected 
through  the  fight  without  aircraft.  Historians  may  well  conclude  that 
the  tide  of  defeat  was  turned  in  1965  by  the  timely  arrival  in  South¬ 
east  Ada  of  American  airlift,  tactical  air,  and  new  technology. 

The  importance  of  aviation  in  the  defense  of  our  country’s  interests 
will  continue  to  grow.  We  entered  the  war  in  Southeast  Asia  basically 
well  prepared  for  air  operations.  The  aircraft  were  there  when  they 
were  ne^ed.  Technology  had  done  its  job.  A  generation  of  toilers  in 
aviation  research  and  development  had  done  well  in  the  Department 
of  Defense,  in  the  services,  in  the  National  Aeronautics  and  Space 
Administration,  in  the  Congress,  and  in  industry. 

Prewar  research  and  development  paid  off  most  conspicuously^  in 
air  mobility  for  ground  soldiers.  Practical  visionaries  in  the  Marine 
Corps  and  Army  had  wmpleted  the  tedious  research  and  development 
work  which  ^ulted  in  air-mobile  units  for  the  Army  and  vertical 
envelopment  in  Marine  CorpsL  Hie  helicopter  and  new  techniques 
for  its  use  Changed  the  nature  of  ground  wariare. 
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Close-snpport  weaxMos  and  doctrine  had  Mao  made  great  strides. 
The  new  A-%  the  older  A-l’s  and  B-62%  lihd  even  the  old  C-47  armed 
with  the  most  advanced  techndlogy  demonstrated  die  soundness  of 
national  aeronautical  research  and  development. 

l^s  wa^  like  others,  posed  some  new  problems  which  needed  new 
^hitiops.  For  instance,  we  solved  some  of  the  problems  of  findiiv 
targets  at  nij^t,  in  bad  weathm*,  imd  in  jtin^le  areas— 4mt  available 
technology  in  this  area  proved  to  be  insufficient. 

We  must  do  more.  We  need  to  improve  the  accuracy  of  air-delivered, 
high-explosive  ordnance.  The  demnse  community  was  too  slow  in 
changing  its  thinking  from  ddivery  accuracies  sufficient  for  nuclear 
war  to  the  accuracies  re<}uired  for  conventional  war. 

The  exmrience  of  this  war  has  taught  us  again  to  value  highly  the 
survivability  of  aircraft.  We  need  tougher  aircraft ;  we  need  greater 
maneuverability  against  surface-to-air  missiles,  against  enemy  air¬ 
craft,  and  against  conventional  ground  defenses.  We  still  need  guns 
on  aircraft>— and  better  guns. 

We  are  applying  the  lessons  of  the  war  to  new  development  pro- 

Eams.  The  coming  aircraft  will  be  tougher,  more  maneuverable,  and 
tter  armed.  They  include : 

•  The  F-14,  an  advanced  carrier-based  fleet  air  defense  fighter, 
which  entered  the  development  phase  in  February  of  thisyear. 

•  The  F-15,  a  land-based  Air  Force  air  superiority  ^^hter  with 
special  emphasis  on  maneuverability,  for  vdiich  completion  of  source 
selection  is  scheduled  by  the  end  of  this  year. 

•  The  S-3A,  a  earner-based  antisubmarine  warfare  aircraft  of  ad¬ 
vanced  desim,  this  year. 

•  The  AX,  a  less  expensive,  large  payload,  close  support  aircraft 
for  the  Air  Force. 

•  The  ^1,  a  long-range  nuclear-war  bomber,  which  is  being 
designed  also  lor  conventional  war. 

•  An’’  A.WACS,  an  airborne  warning  and  control  aircraft. 

We  an.  exploring  other  needed  types  of  aircraft: 

•  HLH,  a  heavy-lift  helicopter  which  would  substantially  lessen 
our  need  for  a  foreign  base  structure  in  any  future  conflict. 

•  LIT,  a  light  intratheater  transport  to  take  over  from  the  C-123 
and  C-7  which  have  served  so  well  in  Southeast  Asia. 

•  And  V/STOL,  an  important  concept  which  will  require  extensive 
research  and  development  but  whidi  could  pay  off  handsomely  in 
defense.  Our  joint  operational  experience  with  this  type  of  aircraft 
will  be  obtained  from  the  12  Harriers  that  the  Marines  are  acquiring 
from  the  United  Kingdom. 

These  and  other  necessary  research  and  development  programs  can 
be  successful  only  to  the  extent  that  they  are  able  to  build  on  a  broad 
and  solid  technological  base.  This  base  has  been  adequate  in  the  past 
to  meet  mo^  of  our  military  aviation  needs,  but  we  should  all  be  con¬ 
cerned  ^bout  the  future.  We  have  used  up  much  of  the  base  that  was 
built  in  the  post-World  War  II  years,  end  we  must  turn  to  the  job 
of  building  it  egain. 

It  is  a  nat^nal  effort  that  is  required.  The  Department  of  Defense 
can  be  a  .specialised  contributor,  but  it  should  not  be  reep<Hisible  for 
establishing  the  hTation’s  techhology  base.  In  the  Federal  Government, 
development  of  the  aviation  technology  base  is  the  prinr’T-v  responsi¬ 
bility  of  the  National  Aeronautics  ana  Space  Adminis^  \ 


.  Jir,  Hrchlol  Dr.  Foster,  just  jiunute.  Off  the  record. 

^Disous^en  off  the  re6(va.) 

Mr.  BbOTiTO.  Ofl  the  'record.^jje^  ^ou  may  continue. 

Dr.  Foster.  ’  Certainly,  air.  ,  , 

As  haa.  been  made  clear  by  the  testimony  of  Dr.  Paine  and  his 
'CKdleague.  duriac  this  series  of  hearings,  the  NASA  leaders  wd^nae 
i^s  r^^n^buity  and  are  increasing  their  efforts  to  fulfill  it.  We  in 
Defense  and  those  in  industry  must  do  more  also. 

It  will  not  be  easy  to  rebuild  our  technology  ba^  in  aeronautics. 
'There  are  two  complicating  factors.  One,  of  course,  is  the  war,  which 
has  led  us  to  consume  the  technology  ba^  at  an  abnormally  hi^  rate. 
The  other  and  more  serious  complication  lies  in  recent  hwtory.  It 
started  with  the  challenge  of  sputnik  to  this  country’s  civilian  and 
military  technology.  Sputnik  showed  that  the  Soviet  Union,  behind 
a  veil'of  secrwy,  had  taken  such  a  leap  forward  in  space  and  booster 
technology  that  it  could  have  become  the  dominant  nation  both  in 
peaceful  uses  of  space  and  in  military  applications  of  rocketry. 

The  challenge,  as  you  all  Imow,  was  met— but  at  a  price.  In  order  to 
win  the  peace  race  and  to  install  an  effective  deterrent  misfflle  force 
in  time,  we  as  a  nation  had  to  set  new  priorities.  We  moved  scientific 
and  engineering  talent  out  of  aeronautics  and  into  rockets. 

Today,  we  must  continue  to  maintain  our  position  in  missiles  and 
space,  but  we  also  must  reemphasize  aeronautics.  The  interesting  new 
aircraft  projects  will  attract  some  of  the  necessary  talent  to  aeronau¬ 
tics,  but  industry  and  the  Government  still  face  a  shortage  of  skilled 
manpower. 

From  the  viewpoint  of  a  user  agency,  the  aviation  teclmology  base 
that  does  exist  is  not  as  usable  in  the  aggregate  as  it  would  s^m.  We 
are  relying  heavily  on  indu^ry’s  contributions,  and  the  major  com¬ 
panies  and  the  many  subcontractors  are  working  on  important  new 
aircraft— the  giant  transports,  the  SST,  and  new  types  of  military 
aircraft.  ,  .  • 

But  these  great  programs  are  so  involved  and  risky  and  require  so 
much  management  and  engincc ;  ■ ;  4?  attention  that_  contributions  to 
the  technology  base  tend  to  be  u  iri-cted.  The  technical  progress  that 
does  exist  tends  to  be  scatter  ’  .d  compartmented  m  individual 


companies.  .  , 

I  believe  this  is  a  problem  of  national  scope — one  that  reqmres 
national  support,  national  coordination  and,  equaUy  importa,nt, 
national  awareness.  The  solution  to  this  problem  lies  in  coordmation 
and  leadership  within  the  executive  bran^. 

NASA,  of  course,  is  the  Government  agency  primarily  responsible 
for  aeronautical  research  in  the  United  States.  Substantially  more 
efficient  and  timely  use  of  available  resources  could  be  made  if  NASA 
were  to  coordinate  overall  research  programs  more  closely  in  the 

DOD  relations  with  NASA  continue  to  be  sound.  NASA  people  par¬ 
ticipate  in  DOD  technical  and  advisory  groups,  and  DOD  assists 
NASA  similarly.  Currently  the  NASA  Research  and  Teleology 
Advisory  Committee  on  Aeronautics,  which  provides  technical  tod 
policy  guidance  to  It^ASA  in  field  of  aeronautics,  has  a  member 
feom  of  military  service  and  a  member  from  my  staff. 
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^PPI)  benefits  from  NASA's  research  ^nd  development  go  beyond 
tfte  iise’of  NASA’s  research  data.  Upon  request,  NASA  wiU  perform 
research  tashs  on  parUcnlaf  proUe^  ei^er,  joints  with  DOD  ele¬ 
ments  or  separately.  A^istahce  between  UOI)  and  NASA  is  not  a  one- 
Strfeet.  The  DOD  loans  or  transfers  to  NASA  'aircraft  such  as  the 
F-lOe  and  F-lllA  for  use  in  research  programs. 

,  A  recent  joint  solution  to  a  development  program  is  the  Army- 
NASA  facility -shiu’uig  program-  N-ASA  has  facilities  developed  over 
the  3«ars  for  aei'onauueal  research  but  lacks  the  technical  manpower 
to  utilize -them  fully.  The  Army  lacks  art  adequate  in-house  teclmo- 
loncal  and  develtmment  capability. 

The  Army-NASA  plan  will  increase  in-house  caimbilities  for  avia¬ 
tion  research  and  ei^loratory  •  development  by  the  addition  of  some 
17.5  uniformed  and  cii  ilian  Army  specialists  to  the  resources  of  Ames, 
Ijewis,  and  Langley  Research  Centers.  In  exchange,  the  Army  will 
have  joint  use  of  the  facilities. 

Projects  are  planned  in  advanced  helicopter  technology;  V/STOL 
stability,  control  and  handling  qualities;  and  compound  helicojiter 
technology.  The  arrangement  should  benefit  both  -\rmy  and  NASA, 
and  may  lead  the  way  to  similar  agreements  with  other  agencies. 

While  coordination  of  aeronautical  research  programs  by  NASA  is 
needed  nationwide,  it  is  currently  done  in  part  on  an  interagency  basis. 
IVe  in  DOD  work  very  closely  with  other  Goi'emment  agencies  such 
as  NASA  and  the  Department  of  Transportation  (DOT)  in  order 
to  make  the  most  effective  use  of  our  national  resources. 

You  know  of  the  efforts  of  the  Aeronautics  Panel  of  the  A-ACB 
(Aeronautics  and  Astronautics  Coordinating  Board)  to  review  and 
coordinate  the  programs  of  NASA  and  DOD  in  the  aeronautical  area. 
DOT  and  FAA  representatives  regularly  attend  Aeronautics  Panel 
meetings  and  participate  in  its  activities.  IVe  also  have  a  working  rela¬ 
tionship  with  the  National  Aeronautics  and  Space  Council,  and  it  is 
exjiected  that  their  staff’  representatives  will  also  participate  in  AACB 
and  Aeronautics  Panel  activities. 

The  Aeronautics  Paiiel  has  been  most  helpfid  in  establishing  lietter 
understanding  and  working  relationshijis  between  the  different  groups. 
Resolirces  of  the  individual  agencies  have  been  limited,  however,  so 
some  joint  funding  and  joint  participation  have  been  necessaiw.  Some 
of  these  programs  are  the  YF-12  night  testing,  the  XV-4B  VTOL 
research  aircraft,  the  P-1127,  the  XC-142,  et  cetera. 

It  is  the  plan  of  the  Panel  to  go  beyond  the  coordination  activity 
and  embrace  joint  planning  of  the  aeronautical,  programs.  The  joint 
planning  will  start  at  efficiently  early  stages  that  the  programs  are 
still  flexible  and  changes  and  integratidii  are  still  relatively  easy  to 
achieve. 

Our  ability  to  take  advantage  of  the  lessons  learned  in  Southeast 
Asia  and  to  remain  competitive  in  military  aviation  depends  not  just 
on  good  management  but  also  on  adequate  research  and  development 
furming  as  well.  So  let’s  talk  about  funding. 

Table  I  shows  the  DOD’s  total  obligational  authm'ity  for  aircraft 
R.D.T.  &  E.  for  the  last  5  years,  plus  the  current  request  for  fiscal  year 
1970.  The  recent  authorizations  for  1970  have  been  cut  about  12  percent 
below  the  requested' level.  As  you  can  see,  the  funding  was  essentially 
constant  through  fiscal  1969,yvhile  infiatjon  has  decreased  the  amount 
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of  work  we  were  able  to  do  by  about  25  Mrcent.  We  must  establish  a 
new  upward  tr«nd  in  aeronautical  reeeardi  and  deTelopm^  fund^. 


Tiaui  1>— lOQO  alrara/l  JUt.T.  4  JH  yeorlif 


Alxeraft  RJQ.T.  A  ■.  TOA:  '<*  <■<»*—» 

Fiscal  year  1968 _  |1, 138 

Fiscal  year  1086 _  1, 256 

Fiscal  year  19W _  1, 199 

Fiscal  year  1988 _ _  _ _ _  1,  Ott 

Fiacal  year  1969. -  - -  .. . _ _  1, 310 

Fiscal  year  19TO  (legoasted) . . ... _ _  1,708 


It  is  my  understanding  that  the  Soriet  Union  has  been  allocating 
annual  increases  of  approximately  10  percent  per  year  to  all  dehmse- 
related  research  and  development,  while  we  in  the  tlnited  States  have 
increased  ours  overall  by  about  4  percent 

Mr.  Hxchus.  ETOUse  me,  Dr.  Foster.  Do  you  mean  all  defense- 
related  or  aeronautics  and  aircraft? 

Dr.  Fosteb.  yo,  Mr.  Clnimum,  I  mean  all  defense-related  research 
and  deve]o{»nent  That  would  include  activities  in  the  Soviet  Union 
that  are  similar  to  the  activkies  in  this  country  of  the  AEC,  NASA, 
and  the  Department  of  Defense. 

Jkir.  HKcmia.  Tliis  might  be  a  good  point  to  suspend,  and  the  sub¬ 
committee  has  the  permission  of  the  House  to  meet  while  the  House 
is  in  session,  but  we  will  suspend  for  about  16  minutes  for  this  quorum 
call. 

(Recess.) 

Mr.  HBcmiJtR.  The  committee  will  be  in  order. 

Dr.  Foster,  wh«m  the  quorum  bells  rang,  you  were  on  pajge  8  of  your 
statement,  and  had  just  ccnnmented  on  the  question  of  Soviet  expendi¬ 
tures  and  defense-related  research.  If  there  is  nothing  further  on  that 
question,  you  may  proceed. 

Dr.  Foster.  Mr.  (^airman,  I  believe  as  we  go  to  the  next  paragraph, 
we  will  get  into  that  matter  more  deeply. 

Mr.  Hechler.  You  may  proceed. 

Dr.  Foster.  The  two  countries  have  reached  a  point  at  which  the 
total  efforts  in  defoise-related  researoh  and  development  are  about 
equal.  Unless  we  take  positive  action,  it  is  only  a  matter  of  time  before 
the  U.S.S.B.  assumes  the  lead  not  only  in  the  level  of  effort  but,  shortly 
therea^r,  in  technology. 

Table  it,  which  shows  the  latest  available  jSgnres  in  round  numbers, 
illiistrates  this  disturbing  trend. 


TABLE  II.-OEFENSE-REUTEO  USD.  FUNDING 
pAbMbwtf  Mhivi 


Fbctlywis 

USE 

1980 

1915 

19» 

1963 

1970 

uas-B. . 

.  2 

S 

10 

14 

IS 

16 

IMMSMn. _ 

_  3 

7 

13 

14 

14 

■  14 

I 


I  would  like  to  pause  for  a  moment,  Mr.  Chairman,  here  to  cmnment 
on  table  H.  l^ese  are  the  total  defense-related  research  and  devedop- 
ment  funds  being  expended  in  the  Soviet  Union  and  the  United  Statesi 


The  table  treats  the  period  from  1955  throoffh  1969j  and  in  fiscal  1970 
we  have  the  anticipated  exp^tditures  for  the  Sovid;  Union  and  the 
i-e^ested  number  mfore  the  C!<mgree8  fmr  tite  United  States. 

Even  though  aeronautical  research  is  only  a  part  of  the  overall  effort, 
this  subcommittee  could  make  a  major  arntriSutimi  by  examining  the 
need  to  maintain  aeronautical  research  and  development  fimd^  at 
a  high  enough  level  to  assure  our  continued  world  leader^p  in  the 
face  of  a  vigorous  Soviet  effort. 

Mr.LxTXXNS.  Mr.  Chairman. 

Mr.  Hechueb.  Mr.Lukens. 

Mr.  Ltnmrs.  Fomve  the  interrnptimi.  I  wonder  if  I  could  have  an 
explanation  on  tabm  II.  I  gather  the  numbers  represent  the  per¬ 
centage  of  the  bud^t. 

Dr.  Foster.  Xo,  Mr.  Lukens.  The  numbers  are  the  actual  billions  of 
dollars  that  are  involved  in  the  research  and  development  programs  in 
the  two  countries. 

Mr.  Lukens.  Thank  you. 

Dr.  Foster.  We  get  those  totals  in  past  years  by  adding  up  the 
defense-rdated  research  in  this  country  by  NASA,  AEC,  and  the 
D^Mutment  of  Defense. 

Mr.  Lukens.  Thank  you.  I  apolc^ize  for  the  interruption. 

Mr.  HBCHiiER.  In  other  words,  the  percentage  would  be  considerably 
higher,  is  that  correct?  You  are  giving  absolute  figures  in  billions, 
therefore  the  conclasion  could  properly  be  drawn  that  the  percentage 
of  total  GNP,  for  example,  would  be  "higher? 

Dr.  Foster.  Yes,  sir.  We  would  ro^hly  double  that  ratio  in  going 
from  the  United  States  to  the  Soviet  L^on,  since  our  GNP  is  roughly 
twice  theirs. 

Mr.  Hechixr.  Thank  you.  You  may  proceed. 

Dr.  Foster.  I  would  like  to  repeat  the  s^tence,  if  I  may,  Mr.  Chair¬ 
man.  Even  though  aeronautical  research  is  only  a  part  of  the  overall 
effort,  this  subccmunittee  could  make  a  major  contribution  by  examining 
the  n^d  to  maintain  aeronautical  research  and  development  funding 
at  a  high  enough  level  to  assure  our  continued  world  leadership  in  the 
face  ox  a  vigorous  Soviet  effort — an  effort  which  has  paid  off  for  the 
Kremlin  in  the  form  of  impressive  new  military  aircraft. 

While  we  can  express  our  defense  needs  by  a  comparison  with  the 
potential  military  tlureat,  it  is  necessary  also  to  measure  our  national 
eccmomic  needs  and  their  relation  to  aeronautical  technology.  One 
useful  indicator  is  our  balance  of  trade  with  the  rest  of  the  world, 
^though  overall  our  balance  has  been  declining,  our  aerospace 
industry  is  doing  quite  welL 

Information  provided  by  the  Aerospace  Industries  Association  on 
the  relative  contribution  of  the  aerospace  industry  is  presented  in 
table  m.  These  data  sliow  a  decline  between  1967  and  1968  for  the 
total  U.S.  balance  of  trade. 

For  the  same  period,  however,  the  aerospace  balance  increased  by 
about  34  percent.  Since  the  aerospace  industry’s  ei^rts  of  $3,296  mil¬ 
lion  provide  almost  10  per^t  ox  the  total — ^that  is,  $36,830  million — 
U.S.  exports,  the  desirability  for  maintaining  the  present  health  and 
importance  of  the  aerospace  industry  is  evident. 
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TABU  Itl^TOTAL  AND  AEIOSMCE  BALANCE  OF  TBAPE.  CALENDAR  YEARS  1960  TO  DATE 
lOolltr  fifUN  It  nlttam 


ToMIraA* 


ToWUX. 

Ysw,  ti«|ubtlS9c«i., 

Exports. 

Imports 

1960 . 

5,369 

20,  WS 

15,014 

1961 . 

6,096 

20,754 

14.659 

1962. . 

5,179 

21,431 

16,251 

1963  . 

6.000 

23,062 

17,001 

1964 . 

7,556 

26.156 

18600 

1965. _ _ _ 

S;952 

27. 135 

21,293 

1986. — 

4,52« 

129,994 

25.360 

1967 . 

4,409 

31, 142 

26,733 

1968............. 

i,ia 

34,199 

33,068 

1969 1 . 

1,213 

36,930 

35,617 

Aatospsu 

Aatospico 

Tradt 

bulsnsu 

Exports 

Imports 

(|«QV  OUCflCV 

upotosntof 

UX.toUI 

1,665 

1,726 

61 

31  0 

1,501 

1,653 

152 

24.6 

1,795 

1,923 

128 

34.7 

1,532 

1,627 

95 

25.3 

1.518 

1,608 

SO 

20.1 

1.459 

1,618 

iS 

24.9 

1,370 

1,673 

303 

30.3 

1,961 

2,248 

287 

44.4 

2,623 

2,995 

372 

231.5 

2,920 

3.296 

376 

240.7 

‘EFtiimt*. 

Nota:  UiS.  balRM*  of  trade  is  the  diRerance  between  exports  of  domestic  merChsndise  end  imports  for  Consumption- 

Sources:  U.S.  Department  of  Commerce,  Bureau  of  Census;  “U.S.  Exports  of  Domestic  Merchandise.  Schedule  B,  Com- 
modttir  by  Country  of  Destination";  ‘'U.S.  Imports  of  Merchandise  for  Consumption";  “Highliihts  of  U.S.  Export  and 
Trade."  (All  ate  j»ontt|y  publications.) 

Nevertheless,  as  your  report  on  the  Paris  Air  Show  stat^,  we  can 
expect  strong  foreim  efforts  to  penetrate  a  significan^ortion  of  our 
world  .aircraft  ma^et.  Observers  of  the  Soviet  SST,  the  British- 
French  -Concorde,  and  the  multitude  of  military  aircraft  prototypes 
being  developed  consider  them  serious  threats  to  our  status  as  world 
leader  in  aviation.  Because  of  our  dependence  on  the  aerospace  indus¬ 
try  for  a  favorable  balance  of  trade,  I  believe  it  is  essential  that  we 
t^e  the  necessary  steps  to  insure  our  continued  leadership  in  aviation. 

'  Some  of  the  future  benefits  to  be  derived  from  a  strong  technology 
base  in  aviation  are  obvious.  Our  national  defenses  and  our  balance- 
of-payments  position  can  depend  on  it.  But  another  real  benefit  is 
not  as  visible.  This  is  the  spm-off  to  the  civil  sector  from  a  strong 
military  development  program.  In  years  p^,  civil  aviation  was  able 
to  use  the  entire  aircraft  as  developed  for  military  needs.  The  relation¬ 
ship  today  is  somewhat  different.  Whereas  entire  aircraft  used  to  make 
the  transfer,  today  various  components,  subcomponents,  structures 
and  techniques  are  spun  off. 

The  reason  is  that  civil  aircraft  must  now  be  more  specialized  for 
civilian  purposes  in  order  to  meet  the  competition.  Total  benefits  to  the 
civilian  sector  are^reater  toda^  than  in  the  past,  but  they  are  not  as 
easily  identified,  'flie  aeronautics  panel  of  the  AACB  is  currently 
helping  the  Department  of  Transportation  in  a  study  that  will  help 
you  ana  others  to  identify  spin-offs  from  military  to  civilian  aviation. 

In  summary,  Mr.  Chairman,  we  can  learn  much  from  experience 
in  Southeast  Asia  about  the  importance  of  aviation  technology.  We 
can  look  abroad  and  see  what  our  potential  military  rivals  are  doing. 
We  can  look  at  the  disturbing  figures  on  balance  of  payments.  We  can 
see  ways  to  improve  the  coordination  of  a  national  aeronautical  re¬ 
search  find  devilopment  program.  But  I  want  to  assure  you  that  we  in 
the  Department  of  Defense  wily  realize  that  our  defense  and  national 
recrements  in  aviation  are  not  our  only  urgent  national  needs. 

There  are  other  public  and  private  needs  that  can  be  met  in  part  by 
the  application  or  modem  technology,  anid  these  other  needs  must 
have  their  rightful  place  on  the  Nation’s  priority  list.  We  in  aviation 


technology  can  help  attain  the  goals  by  insuring  that  our  share  of 
national  resources  is  spent  wisely  and  frugally.  The  Department  of 
Detense  is  now  taking  the  necessary  steps  to  improve  its  management 
of  research  and  devetepment. 

The  Department  of  Defense  must  and  can  merit  the  confidence  of 
the  public  and  the  Congress  in  its  stewardship  of  all  defense  research 
and  development. 

Thank  you,  Mr.  Chairman. 

Mr.  Hbohus.  Thank  you,  Dr.  Foster,  for  this  extremely  helpful 
testimony. 

You  commented  on  page  9  that  the  subcommittee  could  make  a 
major  contribution  by  examining  the  need  to  maintain  an  aeronautical 
research  and  development  funding  level  high  enough  to  assure  our 
continued  world  leadership.  We  would  like  to  assert  that  we  have 
already  passed  that  point.  We  recognize  this  need  and  we  assert  the 
necessity  for  proceedmg. 

The  point  we  are  at  now  is  to  determine  the  arguments  for  and  the 

eath  toward  maintaining  this  world  leadership.  The  relationship 
atween  NACA  and  the  (tevelopment  of  aeronautics  and  development 
of  militaiy  aviation  has  frequently  been  cited  as  a  very  fortunate 
relationship  in  the  early  days. 

Are  there  any  lessons  that  can  be  learned  in  the  current  relationship 
between  our  civilian  aeronautical  research,  and  military  aeronautical 
research  and  the  developement  of  aviation  in  general? 

Dr.  Foster.  Well,  Mr.  Chairman,  one  that  comes  to  mind  immedi¬ 
ately  is  the  point  that  I  have  touched  on  in  two  places  in  this  state¬ 
ment;  and  that  is  the  necessity,  each  year,  to  ensure  that  the  agencies 
of  the  Federal  Government  involved  in  this  kind  of  activity  renew 
their  effort  toward ,  a  coordinated  operation,  to  achieve  maximum 
progress  with  the  funds  available. 

The  reason  I  want  to  emphasize  that  point  is  simply  that,  while  the 
agencies  keep  on  coordinating  the  work,  and  while  the  congressional 
committees  continue  to  examine  the  subject,  the  individuals  in  the 
agencies — ^particularly  the  key  people — change,  and  they  do  need 
reminding. 

Mr.  Hechleic.  Mr.  Wydler. 

Mr.  Wtdler.  Yes.  Thank  you.  Dr.  Foster.  I  am  interested,  there 
has  been  quite  a  lot  of  discussion,  and  I  have  received  quite  a  bit  of 
mail  about  the  question  of  section  203  of  the  defense  authorization 
bill.  And  I  have  been  told  that  very  recently  the  majority  leader  in 
the  Senate  of  the  United  States  saw  fit  to  take  issue  with  you  on 
some  of  your  interpretations  of  how  this  section  is  going  to  be  used 
in  determining  what  research  the  Defense  Department  will  undertake. 

Can  you  give  me  your  interpretation  of  what  the  Congress  meant 
when  rt  p^sed  section  203,  as  you  see  it,  in  trying  to  award 
defense-related  contracts  to  industry  ? 

Dr.  Foster.  Mr.  Wydler,  I  think  this  is  a  very  important  matter. 
If  I  may,  I  would  like  to  take  a  moment  to  discuss  section  203  and 
the  position  of  the  Department  of  Defense  in  that  regard. 

At  the  outtet,  if  I  may,  Mr.  Chairman,  I  would  like  to  read  the 
directive  that'  was  s%nea  by  Deputy  Secretary  of  Defense  Packard 
on  December  2.  It  was  addressed  to  the  Secretary  of  the  Army,  and 
the  Navy  and  the  Air  Force,  Director  of  Defense  Research  and  En- 
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gineermg,  Assistant  Secretaries  of  Defense,  and  the  Directors  of  the 
Defense  Agencies. 

The  subject  of  this  memo  is  ^Sectimi  208  at  Military  Procurement 
Authorization  Act.”  “Section  203  of  the  MiHtary  Procurement  Au¬ 
thorization  Act,”  that  is  Public  Law  91-121,  approved  November  19, 
1969,  provides  as  follows : 

Sec.  203.  None  of  the  funds  authorised  to  be  aiq;>ropriated  by  this  Act  may  be 
used  to  cany  out  any  research  project  or  study  unless  sucb  project  or  study  has 
a  direct  and  apparent  relattoadilp  to  a  spedflc  military  fnnctloit  or  tawratlon. 

This  provision  Is,  in  effect,  reiterative  of  the  legal  p^ciplea  and  Imig-staading 
RDT&E  policies  which  have  governed  and  will  continne  to  govern  the  use  of 
defense  approprlattons  toK  RDT&B  actlvltlea 

Mr.  Hechleh.  Excuse  me,  Dr.  Foster.  In  the  interest  of  time,  this 
letter  from  Secretary  Packard  has  been  printed  in  the  Congressional 
Record  and  we  have  copies  of  it,  and  if  it  would  be  ag^oeable  with  you, 
we  would  just  like  to  extend  it  into  the  record  and  continue. 

Dr.  Foster.  Certainly,  Mr.  Chairman.  Are  you  referring  to  the  letter 
from  the  Deputy  Secretary - 

Mr.  Hechler.  December  2. 

Dr.  Foster  (continuing).  To  Senator  Mansfield!  It  is  included.  I 
understand.  Certainly  I  would  be  pleased  to  proceed  that  way. 

Mr.  Heciiler.  It  is  printed  on  page  S15992  of  the  Congressional 
Record  of  December  6,  since  we  have  copies  in  front  of  us,  I  think  it 
would  save  time  not  to  read  it  in  full. 

Dr.  Foster.  Thank  you  very  much,  Mr.  Chairman.  I  would  also  like 
to  include,  if  I  may,  in  the  record  of  this  heanng  the  letter  from  me  to 
Senator  Mansfield  on  December  4.  Does  the  committee  also  have  copies 
of  that? 

Mr.  Hechler.  I  think  it  says  here  December  2,  letter  from  Mr. 
Packard  to  Senator  Mansfield,  December  2.  Is  that  the  one  you  are 
referring  to? 

Dr.  Foster.  No,  Mr.  Chairman.  I  am  referring  to  my  letter  of  De¬ 
cember  4. 

Mr.  Hechler.  If  that  is  not  too  lengthy,  perhaps  you  had  better 
read  that. 

Dr.  Foster.  I  believe  it  is  more  lengthy,  Mr.  Chairman,  and  includes 
the  answers  to  a  number  of  critical  questions  which  the  Senator 
addicted. 

Mr.  Hechler.  That  will  be  included  without  objection. 

(The  documeids  follow:) 

The  Sbobetakt  ov  Deterbe, 
WathingUm,  D.O.,  Dvoemher  t,  1969. 

Hon.  Mnoc  MAirsnELO, 

V.8.  Senate, 

Washington,  D.O. 

Deab  SBEAroB  MAirsnELO :  I  thank  yon  for  yonr  letter  of  November  20  inquir¬ 
ing  about  the  Department’s  views  regarding  Section  208  of  the  Military  Procure¬ 
ment  Anthoriaation  Act  We  appreciate  yonr  concerns  and  would  like  to  explain 
OUT  position. 

There  is  absolutely  no  question  that  the  Department  will  comply  folly  with 
the  law.  1  have  directed  all  components  to  review  critically  all  current  and  pro¬ 
posed  research  and  development  projects  and  studies  to  ensure  that  they  have  a 
direct,  apparent  and  dearly  documented  relationship  to  one  or  more  specifically 
identified  military  fnnctloaa  or  operations.  Any  project  or  study  which  does 
not  fnlfiU  the  criterion  ot  Section  208  wlU  be  terminated.  For  yonr  information,  a 
copy  of  my  memorandum  on  this  matter  la  enclosed. 
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In  nddltlOQ  to  thlo  ogunpi^enslre  review  wititln  the  Department,  we  have 
contacted  ttae  National  A^demy  of  Sciences  and  Invited  them  to  conaid^  carrying 
out  a  compete  examination  of  all  projects  and  atndies  wblch  mi^t  be  regarded 
as  man^nal  nnder  tbe  provislona  of  Section  20a. 

With  respect  to  Dr.  Foster’s  recent  letter  to  Senator  Folbrigbt  concerning  the 
impact  of  Section  203,  I  bave  dlscnased  the  issue  in  detail  with  Dr.  Foster.  He 
shares  without  reservation  my  firm  intent  to  comply  completely  with  the  law. 

1  intend  to  follow  this  issue  closely  and  perscmally  in  the  future,  and  to 
cooperate  fully  with  OomptroUer  Oeneral  Staats  in  his  review  of  this  matter. 
Please  be  assured  that  In  our  FT  1971  budget  requests  and  program  plims, 
we  will  reflect  detailed  consideration  of  the  intent  of  Section  203  in  relation  to 
Defense  needs  for  research  and  development. 

Sincerely, 

David  Packabd,  Deputy. 


Thb  Secbbtabt  or  DsncNsn, 
Wathington,  D.O.,  December  t,  1969. 

Memorandum  for  ti'>e  Secretary  of  the  Army,  Secretary  of  the  Navy,  Secretary 
of  the  Air  Force,  Director  of  Defense  Besearch  and  Bngineering,  Assistant 
Secretaries  of  Defense,  D^  Victors  of  Defense  Agencies 
Subject :  Section  203  of  Military  Procurement  Authorization  Act. 

Section  208  of  the  Military  Procurement  Authorisation  Act,  P.L.  91-121, 
aiiproved  November  19, 1969,  provides  as  follows: 

“Sec.  203.  None  of  the  funds  authorrized  to  be  appropriated  by  this  Act  may 
be  used  to  carry  out  any  research  project  or  study  i^ess  such  project  or  study 
has  a  direct  and  apparent  relationship  to  a  speciflc  military  function  or 
operation." 

This  provision  is.  In  elfeet,  reiterative  of  the  legal  principles  and  longstanding 
KDT&B  policies  which  have  governed  and  will  continne  to  govern  the  use  of 
Defense  appropriations  for  RDT&S)  actlvltiea  However,  Insufficient  attention  has 
been  given  to  making  clear  to  the  Congress  the  basis  for  deciding  to  support  work 
In  a  particular  field,  and  particularly  the  connections  between  relatively  basic 
research  and  the  long-range  Defense  problems  and  missions  which  require  such 
research. 

In  order  to  assure  full  compliance  with  the  intent  of  Congress  as  expressed  in 
Section  203,  addressees  are  requested  to  assure  that  prior  to  the  approval  of  a 
new  research  project  or  study,  or  the  continuation,  modification  or  extension 
of  an  existing  research  project  or  study,  the  project  manager  furnishes  a  written 
statement  which  describes,  as  clearly  and  simply  as  possible,  the  project  or  study 
and  its  purpose,  together  with  its  direct  and  apparent  relationship  to  one  or 
more  designated  mUtary  functions  or  operatlona  Any  project  which  does  not 
have  a  direct  and  apparent  relationship  to  a  speciflc  military  functimi  or  operation 
must  be  terminated  in  an  orderly  way  as  soon  as  possible. 

I  have  asked  Dr.  Foster  to  work  ^th  yon  in  reviewing  all  current  RDT&B 
efforts,  as  well  as  selection  <miterla  used  to  evaluate  proposed  RDT&B  studies 
and  projects,  ^e  purpose  of  the  review  will  be  to  assure  that  the  long-standing 
Department  policy,  requiring  that  the  criterion  of  relevance-to-milltary-mlssions 
he  applied  toroug^out  the  RDT&E  program,  has  been  and  is  being  applied 
explicitly  in  every  case.  If  necessary,  ploise  consider  snn>lementlng  the  appro¬ 
priate  directives  to  ensure  that  the  provlMons  of  Section  208,  P.L.  91-121,  are 
followed  completely. 

In  summary,  addressees  are  requested  to  take  all  necessary  actions,  beginning 
immediately,  to  comply  fully  and  scrupulously  with  the  law.  Under  no  circum¬ 
stances  shall  the  Department  support  work  which  does  not  have  a  direct,  apparent, 
and  dearly  documented  reladmishlp  to  one  or  more  specifically  Identified 
military  functions  or  operations. 

David  Paokabd,  Deputy. 


Direotob  or  Defeuse  Reseaxoh  aud  BnoinBmno, 

WutMmyUm,  D.O.,  December  i,  1969. 

Hon.  Mm  MAifariEir, 

V.8.  Semite, 

TFosMnpfon,  D.O. 

DkaH  SazrATOB  HAWsmin ;  Tour  letters  to  me  of  8eptefid>er  22  and  November  21, 
along  with  your  letter  to  Secretary  Laird  of  November  20,  raise  many  thoughful, 
fundamental  questions  regar^ng  the  R&D  needs,  pdlcies  and  practices  of  the 


t>efenae  Department  In  ttiis  letter,  and  In  the  attachments  to  this  letter,  I  have 
attempted  to  answer  your  questions. 

Let  me  start  with  overall  philosophy.  In  my  view,  matters  of  national  security 
must  be  a  concern  of  the  nation’s  intellectual  community.  Our  security  depends 
critically  upon  lirst-rank  science  and  advanced  technology.  More  broadly,  our 
security  depends  upon  a  deep  evaluation  of  many  economic,  technical  and  other 
factors  as  they  relate  to  military  matters.  Our  understanding  of  these  factors, 
each  complex  and  related  to  the  others,  influences  our  perception  of  the  military 
situation,  and  affects  the  difficult  issues  of  choice  and  emphasis  which  confront  us. 

The  Department  of  Defense  should  not  rely  solely  on  its  own  staff  in  con¬ 
sidering  Its  iMsltion  on  these  matters.  We  must  get  advice  and  criticism  of  cur¬ 
rent  policy  from  those  who  have  a  specialized  grasp  of  each  element  of  the 
problems  and  who  at  the  same  time  have  had  continuing  experience  with  putting 
together  an  Integrated  analysis.  These  specialists  are  drawn  from  the  physical, 
engineering,  and  behavioral  sciences  as  well  as  from  interdisciplinary  rescan  h 
areas  related  to  national  security  problems.  They  are  able  to  serve  the  Dei>art- 
meut,  the  Congre.ss  and  the  public  generally  because  through  Department  of 
Defense  sponsorship  of  their  research  they  have  become  knowledgeabie  and 
involved  in  the  brooder  implications  of  defense  technology.  You  will  recall,  for 
example,  that  during  the  debate  on  the  ABM,  much  of  the  needed  expert  testi¬ 
mony — on  both  sides  of  the  main  issues — was  supplied  by  scientists  and  en^neers 
who  had  been  associated  with  Defense  B&O  carried  out  in  universities. 

The  need  for  Interaction  between  the  Department  and  the  research  community 
is  profoundly  significant.  It  is  not  a  marginal  need  of  the  Department.  It  is 
a  priority  need.  It  is  not  becoming  less  important  for  the  nation.  It  is  becoming 
more  important  because  of  the  increasing  complexity  of  military  problems  and 
equipment  needs. 

For  tlie  next  five  to  ten  years  at  least,  I  am  greatly  concerned  about  the 
trends  of  declining  U.S.  research  and  development  while  Soviet  defense-related 
research  and  development  I'aereases  at  a  disturbing  rate.  These  trends,  coupled 
with  the  still  effective  Soviet  secrecy,  mean  that  we  cannot  afford  to  take 
any  greater  risks  in  jeopardizing  our  position  of  leadership  in  defense  technology. 

This  overall  philosophy  is  the  foundation  pf  four  general  views  ve  hold  regard¬ 
ing  the  Department’s  research  and  development, 

1.  Bach  major  department  and  agency  should  carry  out  a  research  and  develop¬ 
ment  program  needed  to  meet  its  responsibilities,  that  is,  needed  to  fulfill 
mi.sslons  more  effectively. 

The  purposes  of  research  and  development  are  to  solve  identified  operational 
problems,  create  new  or  alternative  ways  of  fulfilling  missions,  Improve  the 
efficiency  of  on-going  operations,  reduce  costs,  and  broaden  our  framewor', 
for  understanding  and .  evaluating  defense  issues.  The  Defense  Department 
perhaps  the  leader  in  a  commitment  to  this  outlook.  Our  commitment  has  been 
based  on  the  critical  needs  for  technical  leadership  In  those  fields  and  on  those 
systems  upon  which  our  future  national  security  will  depend.  In  short,  the 
country,  depends  upon  the  Department,  and  the  Department  depends  upon 
science-based  technology. 

2.  For  a  research  and  development  effort  to  be  healthy  In  the  long  term,  it 
must  include  some  investment  in  applied  research  and  in  relatively  basic  research. 

'  Without  research,  all  developmental  efforts  ultimately  would  be  crippled  be¬ 
cause  of  the  lack  of  new  concepts  and  new  data  upon  which  to  base  needed 
technological  advances.  Bqually  important,  development  programs  started  with¬ 
out  adequate  prior  research  and  technological  ‘  Tt  can  become  excessively 
costly. 

Within  the  Defense  context,  ba.sic  and  applied  rc.'-earch  has  three  major  func- 
tion.s;  to  solve  recognized  techpological  problems  which  arise  from  both  short- 
and  long-range  military  operational  requirements;  to  minimize  the  pos.-^ihilit.v 
of  technological  surprise;  and,  .as  an  automatic  by-product  of  the  first  two  func¬ 
tions,  to  contribute  to  the  national  technical  base  from  which  all  agencies  of  tlie 
Government,  including  Defen.se,  ultimately  draw  their  scleiitifie  ideas  and  skilled 
manpower.  We  choo.se  the  fields  for  our  investment  in  basic  research  based  on 
tlieir  potential  contribution  to  our  overall  Defense  R&D  program,  whicli  is,  in 
turn,  directly  related  to  the  specific,  approved  missions  of  the  Department. 

There  are  a  number  of  fields  in  which  the  Defense  Departu.cnt  lias  great  needs. 
We  have  unique  needs,  larger  in  number  than  any  other  mission-agency,  and 
necessarily  more  focused  than  those  of  the  NSF.  Today  these  include  relatively 
basic  Beseaich  In,  lor  example,  electrmiic  engineering  and  physics  related  to 
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«eiUK>ra  and  otbar  upe^, electronic  cq^ponente.  oceanograpby.  high  temperature 
and  pltnratrow  OMiterl^li^  s<i^  arena  ^matbeiDatica  and  computer  scienCea,  and 
many  arena  (oaerodjoaiD^a  and  propnmoh.  When  other  sonrcea  of  support  do 
not  enconragia  thane  baalci^da  anf^ently,  BoP  must  Insure  that  the  areas  th> 
not  lag- .. 

,9,  ^pia  Defense  Bepattment  research  project  offices  proylde  continuous  and 
immediate  “coupling”  of  research  results  into  develoianerital  and  operational 
aetivitlea  . 

One  of  the  genera,!, benefits  qf  direct  DoB  sul^rt  of  research — ^baslc  and  ap¬ 
plied  oncUasified  and  ciiu^ed— is  the  opportimity  for  frequent  contact  and 
exchange  with  the  scientists  inTOlved.  This  permits  rapid  transfer  of  results, 
and.  di^cnsibon  of  tbe  imi^ditions  of  the  reenlts  for  Befense,  Including  discussion 
of  rented  work  not.  snidMrt^  directly  by  the  Bepartment.  For  example,  the 
relatirdy  basic  research  Often  leads  to  applied  research  that  is  classified  be¬ 
cause  at  its  immediate  cetevance  to  military  problems — and  we  find  that  some 
university  groups  wish  to  carry  trough  on  their  basic  research  into  this  applied 
and  prototype  work  needed  by  BoB. 

The  “coupling”  of  resparcb  results  is  based  upon  the  initial  choice  and  design 
of  projects.  We  can  show  that  needed  military  functions  and  operations  will  not 
be  ftdfiJUad  without  obt^ning  a  certain  technological  capability,  and  that  achiev¬ 
ing  this  technological  capability  depends  upon  scientific  progress  not  yet  made 
in  certain  fields.  From  another  perspective,  we  also  can  show  the  range  of  likely 
technological  applicatlohs  ant(  operational  missions  which  will  be  served  by 
pursuing  certain  lines  of  basic  and  applied  research.  While  the  Befense  project 
office  must  be  able  to  demonstrate  the  military  relevance  of  each  project,  the 
individual  researcher  is  not  so  required.  The  researcher  is  frequently  more 
interested  in  his  research  for  the  sake  of  science  than  for  any  particular 
application. 

In  summary,  the  management  of  our  research  programs  is  an  active  process : 
selecting  fields  relevant  to  Defense,  and  providing  the  feedback  required  to  eval¬ 
uate  applications  and  modify  resterch  goals. 

4.  University  groups  represent  a  unique  national  resource  of  excellence  in 
research  and  development  This  is  why  we  select  academic  investigators  to  carry 
out  some  of  our  work. 

We  do  not  develop  our  budgets  in  terms  of  an  arbitrary  funding  formula  to 
universities  per  ae.  Rather,  we  decide  what  research  is  necessary,  then  consider 
a  range  of  possible  contractors  (including  in-house  laboratories).  Overall,  it 
turns  out  that  universities  are  awarded  contracts  for  a  significant  fraction — 
recent^  about  20% — of  the  relatively  basic  and  applied  research  we  need,  be¬ 
cause  they  are  Interested  and  b^  qualified.  If  we  attempted  over  a  period  of  a 
few  years  to  shift  very  much  of  this  work  to  industrial  or  in-house  laboratories, 
we  would  obtain  lower  quality  r^earch  and  incur  higher  costs.  This  would 
happen  because  of  the  general  excellence  of  university  investigators  in  certain 
technical  areas,  and  because  of  the  lower  costs  in  universities  for  comparable 
technical  effort. 

There  are  two  additional  points  in  your  letter  of  September  22  that  1  should 
discuss. 

Ton  suggested  that  the  Befense  Bepartment  funds  more  research  at  universities 
than  does  the  National  Science  Fbundattqn.  The  statistics  on  this  matter  can  be 
understood  properly  only  with  a  careful  review  of  the  definitions  of  the  cate¬ 
gories  in  which  the  data  are  collected  and  presented.  A  summary  of  available  data 
is  given  on  page  4  of  the  attachments.  My  understanding  of  the  situation  is  as 
follows. 

The  National  Science  Foundation  prepares  annual  compilations  of  statistics 
of  funding  for  researrfi  and  educational  activities.  According  to  these  compila¬ 
tions,  in  terms  of  the  “total  Federal  obligations  to  universities"  for  FT  67,  BoB 
provided  8%  of  the  funds,  N8F  provided  12%,  and  HBW  provided  68%.  In  terms 
of  total  Federal  funding  for  “academic  science”  (l.e.;  excluding  the  support  for 
non-science  activities)  in  FX  68,  BoD  provided  roughly  11%  of  the  total  Federal 
RAD  funding  to  universities,  compart  with  HBW  at  abont  54%  and  NSF  at 
about  18%. 

Ton  will  note  in  the  attached  data  that  the  standard  NSF  compilation  is  not 
yet  available  for  FX  69.  However,  the  Bureau  of  the  Budget  prepared  a  different 
kind  of  compilation  for  FX  68  which  showed  NSF  providing  $210  million,  and 
BoD  providing  $247  million,  to  universities  for  the  “support  of  research.”  These 
may  be  the  data  to  which  you  referred  in  your  letter  of  September  22.  But  it  is 


370 


my  onderatandliig  that  tbese  data  are  pot  strictly  comparable  becaaSe  of  dUter- 
ances  In  ttm  Intcipretatlon  atamt  w!^t  ktate  of  research  would  be  re¬ 
ported  by  varioas  agenctea.  |'or  you  itlll  note  that  between  FV  6T-68, 

our  snppoit  for  ‘‘basic  re6earch‘^  Tras  'lcM  than  N8F,  and  declined  while  NSF 
fandliig,in  ttds  eati^otr  increased.  Thus  the  BoQ  data  for  J>oD  Indnde  anpport 
for  considetalite  applied  reaear^  .(wbi<di  la  cdten  dSaasIlleB)  and  the  data 
for  NSF  uudude  support  mainly  for  baste  research. 

To  be  epeeifle  abpnt  the  funding  inyolred  recently,  In  FT  68  DoP  provided  a 
total  of  about  mUUbn  to  nnlversltles  for  reeeam  ud  deTdopment,  while 
NSF  proTided.aboQt  $3S0  mlUbm  to  nnlverslties  pit  womatt  of  sdenttfle  reseatch. 
the  national  sea-graht  program,  eompntlqg  activities^  edncatlon  and  research. 
Instltuttonal  support  for  science,  and  science  edocatinn  supwort  <PdD  in  addi¬ 
tion  provided  about  $130  million  In  FT  68  for  specialised,  mainly  classlded  B&D 
at  university-managed  groups  such  aS  the  off-catnlntt  lilnebln  Idiboratory  at 
MIT:  but  this  work  Is  not  basic  research,  is  not  funded  primarily  from  onr 
research  program,  and  thus  Is  not  Indnded  in  the  NSF  compilation  for  “aca¬ 
demic  science.”) 

Clearly,  (m  basis  of  these  overall  data,  DoP  does  not  have  a  dominant 
position  In  supporting  campus  actlvltlea. 

Finally,  X  would  IQce  to  discuss  onr  general  position  of  Section  203  of  the  FT 
1870  Military  Proenrement  Authorization  Act. 

As  a  matter  of  policy,,  oil  proposed  Defense  B&D  projects  are  required  to  be 
evaluated  against  five'  broad  criteria:  (1)  technical  quality  and  originality  of 
the  proposal;  (2)  military  need  or  idevance  of  the  proposed  work;  (3)  expe¬ 
rience  and  qui^flcatlons  of  the  proposed  investigators  and/or  program  manage¬ 
ment;  (4)  adequacy  of  the  facilities  and  other  administrative  arrangements 
needed  for  the  proposed  work;  and  (5)  reasonableness  of  proposed  budget. 
These  criteria  are  inherent  in  the  decision-making  process  on  every  contract 
award,  whether  it  is  for  researdi  or  development,  whether  to  an  In-honse  labor¬ 
atory  or  to  a  contractor,  and  whether  on  a  competitive  or  a  non-competltlve 
basis.  Obviously,  we  are  not  always  satisfied  with  the  results  of  our  efforts,  and 
we  are  conscious  of  the  need  to  improve  aiqiects  of  RAP  management.  But  the 
test  of  military  need,  or  military  relevance,  has  been  and  remains  absolutely 
fundamental  to  the  process. 

Following  the  enactment  of  Section  203,  P^nty  Secretary  Packard  directed 
the  Military  Departments  and  Defense  A^ncles  to  make  a  rigorous  review  of 
all  on-golng  and  proposed  research  projects  to  demonstrate  explicitly  whether 
and  how  each  one  is  directly  and  coterently  related  to  defined  military  func¬ 
tions,  operations,  and/or  to  potentlu  mllttary  applications.  This  relationship 
must  be  clearly  documented.  Projects  which  do  not  fulfill  the  provisions  of  Sec¬ 
tion  203  will  be  terminated.  Furthermore,  we  have  re-empbaslzed  the  require 
ment  to  provide  titles  and  project  descriptions  which  will  be  understandable  to 
laymen. 

Implementation  of  Section  203  will  involve  complex  technical  interpretation.<i 
and  judgments.  We  will  have  to  mahe  judgments  on  the  degree  to  which  pro¬ 
posed  research  is  directly  and  apparently  related  to  specific  military  functions 
and  operations.  I  bave  contacted  the  National  Acadmuy  of  Sciences  and  asked 
them  to  consider  the  posslbill^  of  assisting  ns  in  formulating  criteria  for  our 
long-term  use.  We  pledge  a  conscientious  and  open  effort,  at  all  levels  of  the 
P^ense  RAP  community,  to  sort  out  our  needs,  to  develop  and  apply  unam- 
biguons  criteria  in  the  selection  of  projects  for  Defense  support,  and  to  report 
our  decisions  In  clear  detail  to  the  Congres-s. 

Because  of  the  special  significance  of  Section  208  of  the  Military  Procurement 
Authorization  Ac^  I  have  discussed  yoirr  concerns  and  my  answer  to  yonr  letter 
with  Secretary  Laird,  Deputy  Secretary  Packard,  Dr.  Lee  DuBridge  and  Dr. 
William  McElroy.  They  agree  with  the  substance  of  this  reply.  We  are  prepared 
to  discuss  with  you  any  Issnes  related  to  Federal  support  of  BAD  in  general 
and  of  academic  science  in  particular. 

I  hope  very  much  that  this  letter  and  attachments  will  create  the  basis  for 
constructive  discussions  In  the  future,  and  that  an  opportunity  to  discuss  this 
matter  with  yon  personally  can  be  arranged  in  the  near  future. 

Sincerely, 

JOiHir  S.  Foam,  Jr. 

Attachments. 
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ATTiiOKHBirr  or  Zateb  Waou  Du.  Jamn  S.  Foeruu,  Jr.,  to  SXirATtHt 
Mnrg  tCAHanZLD,  DBCBIon  2,  19ed 

ATTACHUENT  :  AHBWERS  TO  SPBCmO  QCTBTIONB 

1.  DoD  need  for  untverHt  reteareh 

(0)  TTftat  level  of  unUierMif  reitioreh  does  DoD  believe  necessary  for  the  next 
ten  yearst 

We  do  not  budget  for  nnlTersltj  research  per  se.  We  budget  for  research, 
exidoratory  development,  advan<^  development,  etc.  We  suroort  projects  at 
universities  within  these  categories  when  It  Is  clear  the  work  can  best  be  done 
there.  This  support  varies  from  year  to  year  depending  on  such  factors  as  our 
overall  BAD  budget,  our  spedflc  research  needs  and  the  number  of  relevant  pro¬ 
posals  received  from  universities.  It  is  only  after  the  fact  In  any  given  year  that 
we  know  precisely  how  much  support  we  have  given  to  universities.  Therefore,  it 
is  not  poss^le  to  determine  what  the  absolute  level  will  be  for  the  next  ten  years. 

During  the  1966-68  period,  our  support  to  relatively  basic  research  progressively 
declined.  We  examined  the  situation  before  submission  of  the  FT  69  budget 
and  found  that  the  overall  level  was  at  a  minimum,  if  not  too  low.  We  found, 
for  example,  cases  of  rejected  university  proposals  which  were  directly  relevant 
to  our  needs  in  areas  which  could  lead  to  the  solution  of  operational  de6ciencies. 
More  broadly,  we  found  many  indicators  of  erosion  of  the  national  base  for 
research  and  technology — and,  as  a  major  national  user  of  the  knowledge  and 
personnel  produced  by  university  and  other  research  centers,  DoD  has  a  serious 
stake  in  their  survival  as  effective  and  available  sources. 

The  present  DoD  support  for  academic  science  is  ?247  million.  This  support 
constitutes  about  11%  of  the  total  Federal  funding  for  “academic  science.”  We 
don’t  expect  naflonar security  RAD  requirements  to  decrease,  and  thus  we  have 
no  reason  to  expect  our  future  need  for  research,  of  the  kind  best  carried  ont  at 
universities,  to  be  less  than  the  present  level. 

(6)  In  what  fields  of  science  will  this  money  he  invested  f  Whyf 

As  pointed  out  above,  we  cannot  forecast  an  ab.solute  level  of  funding  ten 
years  in  advance.  By  the  same  token,  we  cannot  forecast  the  level  for  each  field 
of  science. 

However,  we  do  know  the  current  deficiencies  in  many  military  functions,  which 
cannot  be  corrected  without  research.  We  have  assessments  of  operational  needs 
in  areas  such  as  communications;  guidance,  control  and  navigation;  detection, 
tracking,  and  surveillance;  materials  and  structures;  life  support;  land  mobility 
and  undersea  warfare ;  energy  conversion ;  and  missile  propulsion.  To  meet  these 
needs,  we  anticipate  continuing  requirements  for  relatively  basic  and  applied 
research  In  many  fields  within  the  physical,  engineering,  environmental,  and 
medical  sciences,  as  well  as  a  number  of  interdisciplinary  research  areas  related 
to  defense  technology. 

2.  Alternative  funding  for  such  research 

Why  should  not  the  N8F  fund  all  or  much  of  such  university  research  of  inter¬ 
est  to  DoDT  Congress  could,  if  necessary,  specifically  authorize  NBF  to  do  so  and 
perhaps  provide  for  DoD  adikoe  to  1I8F  as  to  the  kinds  of  research  needed. 

DoD  Itee  other  ml.sslon  agencies  relies  upon  NSF  to  maintain  an  adequate 
base  in  the  scientific  disciplines.  Above  and  beyond  this  base  each  mission  agency 
must  perform  or  sponsor  additional  research  efforts  which  are  speelfleally  di¬ 
rected  towards  its  Identified  needs  and  its  long-term  technological  objectives.  To 
achieve  these  objectives  DoD  turns  in  part  to  the  university  science  and  engineer¬ 
ing.  community,  and  must  have  its  own  direct  communication  with  that  commu¬ 
nity.  Three  reasons  underlie  the  need  for  this  direct  relationship. 

(1)  The  need  to  promote  and  accelerate  the  coupling  of  research  to  applica¬ 
tions  requires  close  monltorship  by  the  most  concerned  DoD  personnel. 

(2)  Early  feedback  of  research  findings  and  conclusions,  and  of  result.s  of 
applications,  is  required  for  the  titnely  modification  of  research  program  go.als. 

(3)  To  do  the  same  or  equivalent  Job  NSF  would  have  to  be  continually  ex¬ 
posed  to  military  problem  areas  and  Involved  in  Army,  Navy,  Air  Force,  and 
Defense  agency  briefings,  program  reviews,  laboratory  visits,  evaluation.^,  etc. 
Without  this  Intimate  Involvement  NSF  would  be  an  unnecessary  and  ineffective 
middle  man  without  appreciation  of  the  research  relevance  or  of  the  military 
applications. 

The  following  pages  provide  comparative  data  on  the  funding  of  various  DoD 
components,  as  well  as  of  other  F^eral  agencies,  for  university  research. 
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DoD  R.D.T.‘  A  B.  /imdt'M#'  io  iVHiverHtian,  /Ueal  year  1989  ' 

Army :  Thoutania 

Army  Research  Office _ 112,910 

Army  Material  Command _  15,411 

Surgeon  General _  11, 778 

Chief  of  Engineers _ , _ _ _ _ _ _ _  1, 166 

Army  Security  Agency _ : _ i _  348 

Combat  Developments  Command _ _ 33 

Safeguard  - 207 

Advanced  Ballistic  Missile  Defense  Agency _  3, 854 


Army  total -  45, 713 


Navy: 

Office  of  Naval  Research _ _ _  62, 407 

Bureau  of  Medicine _  975 

Bureau  of  Personnel _ 36 

Naval  Systems  Commands _  20,782 


Navy  total _  84,200 


Air  Force: 

Office  of  Aerospace  Research  (less  AFOSR) _  14, 500 

AF  Office  of  ScientlOc  Research _  33, 200 

AF  Systems  Command _  32, 300 


Air  Force  total _  80, 000 


ARPA  _  36,500 

DASA  _  720 


DoD  total _  247, 133 


FCOERAL  0BU6ATIONS  TO  UNIVERSITIES* 
(Dollan  in  mtllionsl 


HEW 

NSF 

DOD 

AEG 

NASA 

Other 

1— Fiscal  year  1967: 

Total  obligations . 

.  2,231 

395 

264 

no 

132 

180 

Percent . . 

.  (68) 

(12) 

(3) 

(4) 

iff 

Acadffnic  scienca . . 

.  1,251 

395 

264 

110 

132 

Percent _ _ 

.  (M) 

on 

(11) 

(5) 

(6) 

ff 

Basic  research . . 

.  237 

197 

149 

82 

73 

Percent . . . 

.  m 

(25) 

(19) 

(11) 

(9) 

(6) 

Il-Fiseal  year  1968: 

Total  obligations . . 

.  2,248 

389 

230 

137 

114 

190 

Percont . . . . 

Academic  science . 

.  (68) 

.  1,238 

(12) 

389 

2^’ 

137^ 

iff 

iff 

Percent . . 

Basie  resMrch... . . 

.  (54) 

.  258 

(17) 

208 

ff 

ff 

Percont . . . 

.  (33) 

(27) 

(16) 

(11) 

(7) 

(6) 

Ill— Fiscal  year  1969: 

Support  of  rosaarch . . 

.  713 

210 

247 

94 

119 

125 

Percent. _ _ 

.  (47) 

(14) 

(16) 

(6) 

(8) 

(9) 

>  Sources:  Fiscal  year  1967  and  IlKal  year  1968:  NSF.  rncal  year  1969:  BOB. 

Notes:  (1)  Total  obligations  include  nonscianee  activities  largely  connected  wWi  education  es  wall  es  academic  science 
which  includes  basic  and  applied  research,  development,  R.  t  0,  consiruetien  and  facilities  costs,  and  other  science 
activities  such  as  support  for  scholanhips,  >.-l|owshlpa  end  InsHtutionat  development  programs. 

(2)  NSF  data  in  the  format  for  fiscal  year  1  '67-68  has  not  yet  boon  publishod  tor  fiscal  year  1969;  therefore  data  from 
BOB  special  analysis  Q  was  used.  SupMrt  of  Research  as  defined  therein  Includes  research  and  development  to.,  it  is 
academic  seienes  lass  R.  4  0.  construction,  sdontiflc  echolerrtips,  end  other  Inslititional  development  programs. 
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DOES  CKK)  RANK^MOHG  FEDERAL  AfiENCtES  FUMOING  APAOEMC  SCIENCET 

1.  FEDERAL  OBLIGATIONS  TO  UNIVERSITIES  FOR  "ACADEMIC  SCIENCE."  BY  AGENCY,  FOR  IW7 
(SOURCE  NSF-a>-7,  p.  6) 

Million  Pononi 


^1==::::^===:==:^ 

DOO . 

AfieiiNura . . . . . 

AEC . . . 

loiMior . 

Conumreo . 

TottI .  2,323.8 


251.0 

394.5 
264.1 
144.8 

131.5 

109.6 
23.9 

4.4 


53l9 

17.0 

1L3 

G2 

5.7 

4.7 
1.0 
.2 


100.0 


41.  FEDERAL  OBLIGATIONS  FOR  SASIC  RESEARCH,  BY  PERFORMER  AND  AGENCY  FOR  FISCAL  YEAR  1968  (EST.) 

(SOURCE  NSF  68-27.  P.  13) 


To  uoivorsitios  and  coHofos— 


Million 


PtlCOfll 


HBR .  8258 

NSF. .  208 

DOO . 128 

AEC. .  86 

NASA .  58 

Ottar. .  44 

TWal . .'. .  7^ 


33 

27 

16 

11 

7 

6 


lOO 


Ul.  TREND  IN  DOD  SHARE  OF  FEDERAL  FUNDING  FOR  ACADEMIC  RESEARCH 
DOD  poreantata  shara; 


1970  aaOnala. . . . . . .  10 

‘  WbUe  cluuigQB  In  cat^risation  of  acadmlc  research  do  not  permit  iirecise 
comparison,  the'  DoD  share  of  Federal  fondins  to  nniTersities  for  research  has 
decreased  Bteadlty  during  the  pest  two  decades. 

3.  Recent  ehattges  in  DoD  funding  of  univertity  retearch 

(a)  In  what  fieUe  of  unieeraity  retearch,  if  any,  hat  DoD  cut  AocA;  eapendi- 
turesf  Which,  hy  how  muehf 

(h)  In  what  fieldt  is  DoD  increating  ita  aupportt  Which,  hy  how  muehT 
Changes  In  (he  net  funding  to  universities  from  the  6.1  Beseandi  budget 
category  by  the  MUitiuy  Departments  in  the  various  scientific  fields,  for 
FY  67, 68,  and  W,  are  shown  in  the  table  below. 

The.  funding  data  do  not  levmU  the  doUazwjompensating  chaises  (increases 
and  reductlona)  wbkb  occur  when  modifying  the  relative  emphasis  on  areas 
Within  each  of  the  major  categories.  Such  program  shifts  in  onpbasis  reflect 
changes  in  degree  o,.  relevance^  newly  perceived  military  needs,  or  new  scientific 
opportunities  related  to  existing  operational  problems. 
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6.1  RESCUtCH  OBLIGATIONS  TO  ONIVEIISITIES  BT  THE  HIUTARY  DEPARTMtirrS 
Pa  aWBoai  of  Mlof^ 


Fiocal 


ss 


Fhcal 


8S 


FlMlj 


17.4 

110 

114 

11.3 

7.9 

16 

6.0 

17 

13 

U.4 

11 S 

11.6 

47.1 

39.1 

311 

lao 

9.2 

6.4 

3.6 

17 

IS 

as 

IS 

19 

17 

10 

4.1 

216 

22.3 

23.9 

13 

16 

4.2 

IS 

12 

13 

10 

16 

14 

10.2 

110 

16.2 

214 

214 

27.1 

119 

113 

17 

IS 

11 

12 

19.0 

216 

29.6 

1310 

1210 

1316 

‘Gaaaral  phyticj.. 
Tlaolaar  physics.. 

OMfflistry . 

Mathaantics . 

Physical 


Elactranles... . 

Materials . 

Macbaaics . 

Eaarfy  csavarsloo.. 


(latals).. 


Eafinaariat  sdaaoas  (mils). . . . 

Tarrastrial . 

AhaasMaric . . . 

Astrophysics. . 

'Qcaanofrephy... . . . 

EavIroaaMntal  sdaacas  (totals). 

Biolo(ical  aad  aNdic*l . . 

Bahavioral-social . . 

Thaniis> . . . . . 

Totals... . . 


>  Thaaiis  is  aot  brokaa  out  by  diaciplinas  bacauss  awst  ol  tha  proinms  are  intardiscipiinaty  and  do  not  aaiily  Rt  into 
(ha  abovo  catagorias. 

(o)  What  hag  happened  to  regearch  projeetg  dropped  or  euthaok  hy  DoD 
becauge  of  changing  departmental  interegfgt 

Research  efforts  which  are  no  longer  safflclently  relevant  to  DoD  mlsaloB  to 
Justify  farther  funding  fall  into  one  of  two  categories.  In  the  first,  there  is 
sufficient  relevance  to  the  mission  of  some  other  agency  or  suffldent  broad 
national  interest  to  warrant  continued  Federal  support,  though  not  by  DoD. 
In  the  second,  there  is  no  such  interest  by  any  other  Federal  agency. 

In  cases  of  the  first  type,  after  inter-agency  coordinatiem,  some  projects  have 
been  picked  up  by  other  agencies  whose  priorities  and  resources  have  also 
changed.  NSF  has  taken  over  projects  in  high-energy  physics  and  radio  astrem- 
omy  whidi  dovetail  with  and  eomid«nent  their  own  programs  in  those  fields. 
Transfers  to  ASC  have  also  occurred  following  the  appropriate  inter-agency 
coordination  and  negotiation. 

The  process  of  inteiksgency  transfer  in  response  to  the  Changing  needs,  prl- 
nritles,  and  resources  of  the  various  sgendes  has  been  tboroui^ly  considered 
and  coordinated  by  the  agencies. 

In  eases  of' the  second  type,  DoD  sin^fiy  terminates  the  Defense  sponsorship^ 
providing  reasonable  time  and  funds  for  non-disrupttve  phasing  out  by  the  nni- 
versity.  A  recent  example  of  this  is  the  Navy’s  terminatlim  of  their  200K/year 
sponsorship  of  theoretical  nuclear  physics  research  led  by  a  Nobel  laureate. 

4.  DoD  aooegg  to  information  about  univergity  regearch 

(a)  What  accegg  doeg  DoD  have  to  project  information  gygtemg  of  other 
agencieg  that  fund  univergity  regearch  f 

DoD  has  full  access  to  all  technical  information,  as  well  as  general  manage¬ 
ment  information,  regarding  the  R&D  programs  of  all  Federal  agencies. 

Because  of  the  continuing  formal  and  informal  communications  within  the 
technical  community,  DoD’s  project  managers  know  in  advance  about  the  fields 
in  which  major  awards  are  to  be  made.  In  addition,  DoD’s  project  offices  partici¬ 
pate  in  a  wide  range  of  technical  coordination  activities  designed  to  review  the 
results  of  all  agencies’  work,  even  though  most  of  each  mission  agency’s  basic 
and  applied  research  is  not  directly  relevant  to  the  other  agenciea 

To  illustrate  the  kin:  of  coordination,  there  are  special  or  ad  hoc  committees 
■on  high-energy  physics  and  radio  astronomy  (DoD-NSF  and  DoD-ADC),  on 
interdisciplinary  research  at  unlversltleB  (DoP^NASA)  *,  and  special  seminars 
-on  research  program  management  (DoD-NIH).  In  addition,  there  are  computer- 
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assisted  infomation  systems  in  7101008  scendes  wblcb  are  used  to  provide 
working'teTd  sdantista  wltb  brief  restune*  of  on-colnc  jOoJeets. 

(b)  Con«er«etp,  lehat  aeoett  to  DoD  project  tuformattoH  systems  do  these 
agenetet  ka(oct 

Bzcbanaes  soeb  a*  those  mentioned  above  provide  foil  access  by  other  acendes 
to  DoD’s  programs. 

Bvery  agency  baa  direct  access  tbroogb  tbe  Defense  Docomentatlon  Center’s 
1498  tedmical  project  sommary  system,  nils  is  an  Informatimi  bank  fmitjiihiitg 
a  description  of  ail  researcb  projects  nnder  DoD  sponsorablp,  nnlvendiy,  indus¬ 
try,  and  in-boose.  In  addition,  monthly  Usta  of  new  iwopos^  received  and/or 
act^  upon  by  DoD  agendee  are  provided  to  other  agendes. 

(0)  Within  the  Defense  Department,  •what  meaeuree  are  there  for  a»»arimp 
that  admiidstrsters  who  decide  what  nnioersity  reeeoreh  to  support  amd  which 
universitp  research  proposals  to  select  arc  informed  of  related  research  projects 
founded  by  other  DoD  odeactest 

The  scientists  in  each  DoD  research  office  are  in  close  contact  with  their 
eonnterparts,  Qeld  by  field.  In  other  offices.  One  of  the  moat  Important  formal 
teehnhiaes  for  pressward  consultation  is  the  monthly  exchange  of  listings  of  all 
proposals  received  during  the  month.  These  same  listings  announce  proposals 
previously  listed  that  have  been  acted  upon  in  term  of  rejection,  acceptance,  or 
further  evaluation.  Such  listings  are  exchanged  among  all  major  B&D-^nsoring 
agencies  within  DoD. 

3.  Orittins  of  DoD  university  research  projects 

Bow  many  DoD  funded  universitp  research  projects  result  from  formal 
requests  for  proposals  t  Bow  man  from  unsolicited  proposals  t  I  latest  availahle 
fiscal  year  information  far  each  DoD  agency  that  funds  university  research) 

The  programs  of  tbe  Services  and  the  DoD  agencies  are  derived  from  responses 
to  Defense-expressed  areas  of  need  and  interest.  Thus  even  seemingly  unsolicited 
proposals  are  in  a  very  real  aense  responsive  to  an  expressed  need  As  a  matter 
•of  long-standing  practice  throughout  the  Federal  government,  there  are  very  few 
formal  requests  in  the  legal  sense  for  proposals  from  universities ;  this  is  also  tbe 
case  for  DoD. 

DoD  research  offices  and  laboratories  pnblidse  tbe  areas  of  military  research 
needs  by  means  of  bulletins  and  brochures;  and  personally  communicate  onr 
areas  cf  prime  interest  at  conferences,  symposia  and  professional  meetings 
attended  by  scientists  in  all  signifcant  fields.  Furthermore  we  accept  only 
proposals  which  are  addressed  to  areas  relevant  to  onr  needn 

In  the  case  of  the  THEUtS  program,  for  S  successive  years  proposals  were 
formally  solicited  by  liters  to  all  universities  awarding  doctorates  in  science 
and  engineering.  The  letter  was  ac^ompaided  by  a  formal  brochoie  setting  forth 
areas  of  interest,  eligibiUty  rules,  criteria  for  selectioi),  mode  of  funding,  etc. 
Approximately  one  thonsand  proi^sals  were  received  and  evaluated,  and  from 
t&se  ll9  awhfds  were  made.  > 

Depending  on  the  year,  ttm  ratio  of  propasais-reeelved  to  awards-made  (to 
universities)  Is  6/1  to  lOA. 

C.  ImpHcattons  of  project  hindsight 

(a)  Thew  two  fM/ksgs  (Bherwin  and  Isenmm  on  BTBDS/OBT  In  Science 
2S  June  1967,  versus  Price  and  Bass,  Science  16  Hay  1969,  on  research  inputs 
to  weapons  development)  seem  at  variance.  Which  view  prevaUsT 
.  There  is  no  basic  conflict  between  the  Price/Bass  report  and  the  Project 
Hindsight  report.  , 

■  In  the  HiUdsIght  study,  26  Thllitary  systems  were  investigated  and  analyzed 
by  technical  specialists  to  determine  the  inncnratlons  in  each  system  which  con- 
trttrated  to  the  system’s  enhanced  capabilities  as  compared  to  its  predecessor 
systems,  These,  innovations  were  then  traced  back  to  , their  origin  in  applied 
science  iir  technology.  Even  thbngb'  some  of  the  innovations  traced  back  to  1945. 
Hindsight's  methodology  wak,  detfigned  to  look  at  relatively  recent  science  and 
technology  as  it  was  ntiHsed  in  weapon  systems.  Tbe  methodology  was  not 
(le.signed  to  identify  the  fundamental  origins  ot  tbe  related  basic  science. 

The  Prl|t;e/Ba8S  grtide  looked  at  the  origins  of  basic,  researcb  finding  rather 
than  the  system  applfeatlons,  anil  showed  boW  randainental  scientific  findings 
feed  the'Iiuibvatlve  ^rbeess.  The  kejf  pbthti  the  PHce/Bass  artlde  was  that  the 
innovative  prodBsa  is  tKWBtblei  primarily  because  basic  reaearcB  snppUeathe  base 
of  knowledge  on  which  technological  Innovation  depends. 
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In  sam^nr;}rf  the  two  studies  were  comDlimentary  in  that  they  look  at  the 
lifnovatire  f^rocess  upMta. 

We  do  not  believe  tHat  either  study  ptovldes  a  “correct  general  formula”  for 
B&D  management  '  '  . 

(b)  Why  should  not  the  desired  undirected  research  he  ■■  lined  in  large 
measure  from  the  department^  iMhi  laboratories,  thus  deereasing  the  involve¬ 
ment  of  university  researchers  with  Defense  interests  t 

The  Defense  Depattment  does  not  support  “undirected  research."  Further, 
the  Depajrtment  should  not  decrease  Its  involvement  with  the  university  research 
community.”  '  '  ' 

As  explained  In  detail  in  the  accompanying  letter,  the  Department  needs 
certain  specific  research  which  often  can  be  carried  out  best  by  university 
groups.  More  broadly,  the  country  benefits  from  broad  contacts  by  the  research 
community  with  natlonai  security  issuesi  If  the  Department  tried  to  shift  very 
much  of  the  current  DoD-sponsored  university  effort  to  indnstriiU  or  in-house 
laboratories,  we  would  obtain  lower  quality  research  at  hlifiier  eost. 

Moreover,  it  is  definitely  jn  the  national  Interest  to  maintain  in  the  interaction 
between  the  military  establishment  and  that  knowledgeable  sector  of  society 
which  througdt  experience  with  D^ense  research  problems  la  capable  of  meaning¬ 
ful  and  Independent  criticism  of  and  suggestions  for  Defense  concepts,  policies, 
and  technological  decisions. 

Dr.  Footer.  Now  I  wottld  like  to  try  and  answer  your  question,  Mr. 
Wydler. 

Prior  to  the  enactment  of  section ’203,  the  Department  of  Defense 
aiiticipated  (Snts  by  the  Cori|rress  of  at  least  10  percent  in  the  area  of 
basic  and  expjiorat^iy .research  and  development. 

As  a  consequ.e|Lce, .  realising  .t^t  we  would  not  receive  the  fiscal 
1970  mtmeys  until  we.  were  rcmghly  halfway  through  the  year,  we 
had  to  take  action  diortly  after  the  start  of  the  fiscal  year  to  reduce 
our  expenditures,  This  was  nece^a^  because j  although  we  are  per¬ 
mitted  to  proceed  at  the  finding  level  of  the  prior  year,  fiscal  1969,  we 
would  reach  an  extremely  difficult  financial  position  in  the  latter  half 
of  fiscal  1970. 

Accordingly,  1  reviewed  with  the  Assistant  Secretaries  of  the  mili¬ 
tary  departments  and  the  directors  of  defense  agencies  the  criteria 
by  which  we  should  make  the  necessary  reduction  in  advance  of  the 
ctmgressiiHial  octiom 

As  you  imow,  the  criteria  that  are  usually  applied  involve  the  neces¬ 
sity  tor  exceUehce,  the  capabiliti^  of  the  performers,  the  facilities 
that  are  involved,  the  reasonableness  of  the  costs,  and  so  on.  But,  in 
particulaiv  we  have  required  that  the  work  be  relevant  to  the  mission 
of  the  Department  of  Defense. 

And  so,  in  establishing  the  criteria,  we  determined  that  the  first 
effwts  to  be  reduced  or  deleted  should  be  those  that  are  least  relevant 
to  our  mission. 

Now  this  effort  involved  an  examination  of  10,000  to  12,000  different 
work  units.  You  see,  the  act  refers  to  every  activity  in  the  Department 
of  Defense,  activklra  in  industry,  and  a<^vitie8  m  the  Government's 
research  and  dev^pment  laboratories. 

The  review  of  these  thousands  of  work  units  is  still  in  progress.  Mv 
feeling,  however,  is  that  the  cats  already  imposed  by  the  (ingress  will 
involve  reduction  of  effort  and  termination  of  contracts  far  m  excess 
of  any  projects  will  be  identified  as  having  marginal  relationship 
to  military  functions  or  operations. 

Thus,  we  have  already  made  reductions — and  will  in  the  near  future 
be  making  further  reductions— through  the  diew  limitatiim  of  fund- 
mg;  and  ^eragencieB  will  have  an  opp(»tamty  to  lock  at  these  reduc- 
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tiohs  an4  terminations  and  determine  whether  or  not,  in  the  interests 
of  their  missions  and  idthin  their  ftihding  abilkie^  they  are  in  a 
position  to  absorb  these  programs  pr  augment  them. 

The  specific  tpiesticm  of  the  determmatiop  of  relevance  is  a  very 
I  difficult  one,  Mr.  Wydler.  It  involves  individual  judgments,  military 

'  and  technical. 

Mr.  WrimEfi.  I  don’t  think  that  is  relevant,  if  you  will  excuse  me. 
The  language  of  secdcm  203  doM  not  discuss  relevance  at  all.  It  dis- 
'  ciii^  direct  and  apparent  relationships,  and  I  think  that  if  you  are 

1  going  to  try  to  follow  the  language  of  the  act,  and  the  limitations  on 

'  you,  you  have  to  get  aiyay  from  a  term  such  as  “relevance,”  which 

^  doesn’t  tound  to  me  to  have  any  relevance  to  what  you  are  trying  to  do. 

You  ate  using  a  teim  which  probably,  I  can  understand,  womd  suit 
your  purpo^  wtter  than  the  langua^  of  the  act,  but  I  am  just  saying 
that  in  reading  the  act  it  talks  about  direct  and  apparent  relationship, 
and  it  seeins  to  me  that  is  the  language  ybii  have  to  deal  with,  now  in 
the  Department  of  Defense. 

Dr.  Foster.  Quite  so,  Mr.  Wydler,  and  we  shall,  For  the  word  “re¬ 
lationship,”  I  used  “relevance,”  but  I  quite  understand  that  we  should 
use  “relationship.*’ 

The  matter  of  determining  whethe^  or  .hot  thero  is  a  direct  and 
apparent  relation^p  is  a  matter  of  judgment  concealing  technical 
aspects  of  the  resesir^  and  the'mission.ahd  'opcratipns  of  the  Depart¬ 
ment  of  Defense.  ' 

I  And,  so  in  each  one  of  these  research^,  one;  has  to  I'obk  at  the  nature 

of  the  work.and.  determine  the  relijitioiithip  of  that,  research  effort  to 
'  mintiwry  toisBiibttsAhdpTO 

Mr;  HsimibaL-  Would  it  OK  #ith  you  if  we  narrow  your  inqu  i  ry 
as  it  relab^  to  aeronautics  and  aipation  ?  ' ' 

Mr.  Wtoeer.  I  ^wiml'd  jdfet  like  an  example  of  what  isn’t  relevant  or 
isn’t  a  direct  and  apparent  tolationship,  in  vour  opinion,  to  defense 
matters.  Because  I  caii  ^ee  whiare  ydu  coulfi  easily  interpret  that  to 
hfean'  knjrthing  in  .the  world.  I  can  s^  .where  anything  in  the  world 
has  scUne  relation  to  defeiito,  so  I  can’t'thinlc  of  ainything  you  couldn’t 
interpret  as  being  relevant.  , 

That  is  why  I  don’t  like  that  vfrbrd  particularly,  and  “direct”  and 
“apparent”  seems  to  be  mtach  stranger  or  much  more  defining  or  con¬ 
fining  word.  That  K'why  1  tl^R  toa-t  they  were  put  in  in  that  way. 

And  I  pfesiiitrw  they  we^  mpaRtto  mean  something  different,  direct, 
I  and  apparent.  Meaning  that  the  average  person  would  think  of  them 

f  as  being  direct  and  apparent.  Obvious  things,  I  suppose,  is  another 

word  for  it, 

j  Cqidd  you  give  me  ah  illustralTon  of  something  you  think  wouldn’t 

be  a  direct  and  apparent  relationship  to  defense  ? 

1  Dr.  Foster.  I  believe  I  could.  If  a  rtoeardher  wished  to  study 

'  the  basic  theoretical  considenstionstof,  let  unsay,  nuclear  structure, 

»  and  knowledgeable  in^viduals  had  7H>  reason  "to  believe  that  these 

j  considerations  had  any  bearing  on  the  problems  of  the  military,  then 

1  I  don’t  believe,  under  the  inteiptotation  of  this  law,  there  would  be  any 

justification  for  our  funding  the  activity. 

Mr.  WTptER.  l^at  lUally  is  a  strange  selection  you  have  made,  be- 
eai^  I  can’t  consider  any^mg  that  has  proven  more  significant  mili¬ 
tarily  than^unhably  the  researdt  on  the  atom  that  Profe^r  Einstein 
did,  although  I  am  sure  he  didn’t  have  any  idea  he  was  doing  anything 
.  that  was  going  to  have  a  military  dgnificance  when  he  did  it 
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And  as  it  turned  out.  of  course^  it  is  probably  the  most  significant 
military  thins  that  hae  been  dpne  on  QUr  generation,  isn’t  that  the  way 
it  tumM  out  I 

Dr.  FostKB.  It  certainly  did,  Mr.  Wydler.  However,  as  I  understand 
the  act,  one  would  have  to  have  sopie  foremght  in  order  to  be  able  to 
make  that  relationship  direct  and  apparent. 

And  if  one  has  that  foresight  either  a  technical  man  or  a  layman, 
then  I  believe  you  could  accept  it.  If  you  don^  have  it,  then  it  wiU  not 
be  accepted.  So  in  my  jud^nent  we  will  take  those  items  that  are 
marginal  and  bring  them  to  the  attention  of  the  kw  people  hi  tlie 
I^partment  of  Derense,  we  will  discuss  them  with  the  GAO,  and,  if 
in  our  judgment  they  are  marginal,  they  will  have  to,  be  canceled  be¬ 
cause  tnere  is  not  enough  money  to  carry  even  those  that  do  have  a 
direct  and  apparent  reladon^p  to  mil^xy  uses. 

Mr.  WiminB.  To  follow  up  on  the  chairman’s  su^eetion,  could  you 
give  me  an  illustration  possibly  in  the  field  aeronautics  mat 
wouldn’t  have  a  military  rmevance  ? 

Xh:.  Fosteb.  Certainly.  One  that  would  not  t 

Mr.  Wtoleb.  Not. 

Mr.  Hbchubb.  Before  you  proceed,  I  have  a  list  of  a  number  of - 

Mr.  WvDLEB.  I  can’t  tmmk  of  any  myself. 

Mr.  HechiiEB.  I  have  a  list  of  projects  and  programs  on  aeronautics, 
including  a  $624,000  program  on  Y/STOli  aero^namics,  which  hap¬ 
pens  to  be  at  West  Virgima  University. 

Dr.  Fosier.  Tes,  sir. 

Mr.WYNJSB.  That  is  the  <me. 

Mr.  Hechles.  For  the  benefit  of  another  distinguished  member  of 
the  full  committee — see  another  onehere>— at  Texas  A.  &  M.  aircraft 
dynamics  in  subsonic  flight. 

The  first  one  was  a  Navy  contract  The  second  is  an  Army  contract 

I  doa%  know  whether  you  have  epough  information  on  these  cmi* 
tracts  or  their  internal  nature  to  mye  a  snap  decisimi. 

Dr.  Foster.  I  doubt  that  I  do,  Mr.  Chairman.  However,  if  you 
would  give  me  the  questions  I  wouId.be  glad  to  submit  my  judgment 
for  the  record. 

(Information  for  the  record  follows :) 

Tlie  80llcitati<m  for  Project  THBMIB  propceala  defined  eigbt  reoeanfii  problem 
aroae  ot  parttenlar  interest  to  DoD.  Tbacair^  THKMIS  aeronantlco  i»ograms 
Usted  in  the  following  table  were  reviewed,  and  a  determination  was  made  that 
each  haa  a  direct  r^ttooehlp  to  mlUCary  fonetioiia  A  brief  description  is  given 
of  the  two  epedflcally  mentioned. 

PKOJECT  THOMS  PHOGIUMS  ON  AERONAUTICS 
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TBEUI8 

Virgimia;  Bavg  V/BTOL  AenivtumAe* 

OhfACtim:  Do  derelop  a  body  ot  knowledge  in  V/STOL  alrcfaft  aerodynamics- 
llor  Nav^  opwatiag  cwdltions  and  enTironmcmts.  Dbis  inteadlacijoUQary  ptro- 
{^am  seeks  ro  adiieve  higher  lift  capeUlitiee,  improved  coi>tr<d  and  response, 
and  Increased  cmlse  speeds  for  STOL  and  VTOL  aircraft  operational  character- 
isties.  nils  effort  will  contribate  to  military  operations  sneh  as  air  search  and 
vescne,  Air  ASW.  amphibious  air  support,  and  fleet  support. 

Temet  AiCJf .*  Aircraft  Dgnamiei  for  BubeotUe  FKght  (Army) 

Objective:  Do  obtain  a  better  understanding  of  aerodynamic  and  aeroelastic 
phenomena  relating  to  the  performance,  stability,  and  behavior  of  flxed  wing- 
and  rotary  wing  aircraft  in  sobstmic  flight  Studies  will  be  conducted  in;  air¬ 
craft  refuse  to  atmospheric  disturbances;  unsteady  separated  vortex  flows 
and  wing-vortex  Interaction ;  rotary  wing  aerodynamics  including  compressibility 
and  high  frequendy  effbets;  and  rotary  Made-tip  vertices  and  Made  vortex  inter- 
actiena  This  ^ort  will  contribute  to  military  operatlcms  such  as  air  mobility, 
closp  air  support,  artlUery  spotting,  medical  evacuation  and  hattlefleld 
surveillance. 

Mr.HECHLER.  Yes,  that  might  be  helpful. 

Mr.  Wtmjsr.  I  am  not  tiding  to  pot  you  on  the  spot.  I  can  see  the 
difficulty  in  trying  to  apply  this  language  to  an  actual  case.  I  mean, 
it  is  eggy  enough  to  write  it  down  as  it  is  written  down,  but  to  ask  you 
to  try  to  apply  it  to  specific  cases,  it  becomes  very  difficult,  and  as  far 
as  I  am  c<Hicemed,  I  would  just  as  soon,  unless  you  want  to  add  some 
iUostradon  of  some  aeronautioid  research  project  that  couldn’t  pos¬ 
sibly  have  any  relation  to  the  military,  I  will  go  <ai  with  something 
else. 

Mr.  Hechisr.  Did  you  want  to  add  anything? 

Dr.  Foster.  No,  Mr.  Chairman.  I  imagine  if  one  thought  about  it, 
one  mi^t  be  able  to_  come  up  with  asi^cts  of  commercial  aviation 
involving  aerodynamic  con8iderati(ms  that  are  peculiar  to  the  com¬ 
mercial  aspects  and  not  to  the  military,  although  at  the  moment  I  can’t 
think  of  one. 

-Aermuntics  research  is  unique  In  that  Identiflcatlon  of  any  portion  of  aero- 
natitlca  research  that  does  not  relate  to  military  aviatiw  is  a  difficult  problem. 
While  all  military  aeronautical  research  will  not  have  civilian  appllcatimi,  the 
military  has  some  Interest  In  all  civilian  aeronautics  research  developments 
This  is  because  tbe  military  does  transport  passengers  and  cargo  in  a  fashion 
similar  to  the  civilhin  sector.  Aeronautics  It  a  unique  research  area.  However,  the 
following  pfojeete  have  been  identified  In  the  Initial  stages  of  our  evaluation  as 
being  marginal  In  satisfying  Section  203.  Th^  were  selected  frtmi  a  large  number 
of  Air  IV>rce  projects  which  the  GAO  reviewed  for  direct  and  apparent  rela¬ 
tionship  to  the  IXH).  From  this  review,  the  GAO  selected  46  that  they  believed 
were  quesdonaMe.  .After  a  farther  DOD  review  and  evaluation  agairnd  Section 
208  of  the  FT  1970  Hilltary  Authorization  Act,  it  was  agreed  that  these  projects 
were  marginal  In  this  resp^ 

Ttxu 

1.  Methodology  for  analys's  of  Internal  social  movemm>ts. 

2.  Criteria  for  the  design  of  new  forms  of  organizati<Hi. 

3.  Soclo-culthral  aspects  of  development. 

4.  Theoretical  tavestlgatlona  In  quantum  Add  theory  and  elonentary  particle 
pI^ralcB. 

5.  Cosmic  radiation  of  extremely  high  energy. 

Mr.  WroLm.  I  imagine  you  could  think  of  something  such  as  pas¬ 
senger  loading  pteblesns^  that  even  those  might  possibly  even  have  a 
rdationship  to  defense  m  many  ways,  so  it  is  very  difficult,  I  can 
u&derstano. 
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What  I  wanted  to  aak  3[ou  was  something,  for  instance,  about  the 
problem  we  are  suffering  in  aercmautics  in  the  Defense  Department 
now  in,  for  im^n^  the  C-^A.  And  I  am  not  getting  into  the  ques¬ 
tion  of  how  much  it  costa  or  whether  it  costa  too  much.  We  have  had 
that  done  and  are  still  doing  it  in  three  or  four  other  coiiimittees. 

I  am  more  interested  in  it  from  this  point  of  view.  Whatever  the 
C-5A  ends  up  costing  the  Federal  Government,  from  the  defense 
budget,  I  presume  at  some  point  in  time  the  C-5A  will  be  adapted 
and  oecome  known  as  the  G-something  or  other  and  become  a  com¬ 
mercial  aircraft. 

Is  there  any  way  that  the  Government  gets  any  return  for  the  cost 
of  the  development  of  this  aircraft,  when  one  or  more  companies  start 
to  sell  the  aircraft  for  commercial  use  and  realize  a  profit  on  it? 

Dr.  Fosces.  Yes,  there  is,  Mr.  Wydlw.  When  an  aircraft  is  devel¬ 
oped  for  the  Department  of  Defense,  the  Department  of  Defense — 
the  Government,  of  course — pays  the  development  costs,  including 
tooling  and  fixtures  and  so  on. 

Should  the  company,  however,  choose  to  reconfigure  the  aircraft  for 
c<Hnmercial  use  and  stert  producing  it,  the  advanta^  to  the  civil 
sector  of  the  DOD’s  prior  development  effort  would  be  apparent. 

However,  the  company,  which  is  gaining  an  advantage  not  only 
for  the  civilian  sector  but  also,  competitively  for  itself,  is  asked  to 
repay  the  Government  for  those  facilities  and  features  that  it  uses  for 
the  civil  aircraft  that  were  derived  directly  by  Government  funding. 
That  is  one  example. 

Mr.  Wtdler.  Well,  that'  would  be,  for  example,  would  you  mean 
the  aircraft  itself,  of  course,  is  a  result  of  the  Government  funding 
and  effort,  isn’t  it?  Totally.  It  wouldn’t  be  such  an  aircraft  unless 
the  Department  of  Defense  had  funded  its  whole  development  from 
top^to  bottom. 

Dr.  Foster,  That  is  right. 

Mr.  WTDfiER.  Of  course  there  could  be  some  parts  of  it  that  already 
existed.  I  can  understand  that,  and  some  equipment  that  had  previously 
been  developed,  but  the  aircraft  frame  and  motors  and  body  and  so 
forth  itself  is  all  a  re^t  of  the  Government  effort,  isn’t  it  ? 

Dr.  Foster.  That  is  right,  and  in  the  case  of  the  Boeing  707 ,  which 
was  derived  in  the  early  stages  rather  directly  from  the  Air  Force’s 
C-135  or  KC-135  aircraft,  the  Government  negotiatore  worked  with 
Boeing  Airplane  Co.  to  assure  that  there  was  an  equity  in  the  com¬ 
pany’s  us©  of  the  fadlities  and  the  equipment  that  had  been  provided 
by  the  Government. 

Mr.  WxnnER.  Are  you  talking  about  the  facilities  and  the.  use  of 
them  at  the  time  they  were  building  civilian  aircraft  or  are  you  talking 
about  them  prior  to  that  time? 

Dr.  Foster.  Prior  to  that  time,  yes. 

Mr.  Wxdler.  Would  you  give  us  for  the  record  the  figures  that 
the  Government  recouped  of  its  total  development  cost  for  the — what 
did  you  call  it? 

Dr.  Fostbr.  C-135. 

Mr.  WTMJiB,  0-136,  as  a  result  of  these  negotiations? 

Dr.  Foster;  Yes,  I  would  be  pleased  to. 

Mr.  Wtdler.  The  amount  it  cost  the  Government  and  the  amount 
that  we  recovered  and  the  basis  on  which  that  figure  was  derived. 

Dr.  Foster.  Yes. 
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(Infcomation  for  the  record  follows :) 

The  basis  tot  recoupment  was  negotiated,  based  on  an  allocation  ot  common 
tooling  against  a  predicted  commercial  production  run  of  200  aircraft  The  KC- 
135  tooling  cost  was  $^,555,012,  of  which  $16,660,442  worth  was  common  to  the 
Boeing  707.  The  total  recoai>^  as  rental  fees  was  $19,457,200. 

Mr.  WypLKR.  And  this  same  situation  will  exist  refi:arding  any 
civilian  develiwment  of  the  C-5A? 

Dr.  Foster.  I  don’t  know  that  it  will  fund  a  civilian  use,  sir. 

Mr.  Wtitobr.  Assuming  that  there  is  any  use  made  of  it. 

Dr.  Foster.  That  is  right,  sir.  The  C-5A  development  program  in¬ 
cluded  the  provision  that  the  testing  would  be  compatible  with  the 
requirements  of  the  FAA  for  the  civn  application  of  that  aircraft.  So 
that  as^t  of  it  is  ali-eady  being  considei^. 

Mr.  Wtdler.  You  mean  we  have  already  collected  something  on 
that? 

Dr.  Foster.  No,  but  we  have  already  looked  into  the  possibility 
that  suclx  an  aircraft  might  be  useful  to  the  civilian  sector. 

Mr.  WminR.  Oh,  I  am  well  aware  of  that. 

Dr.  Foster.  So  we  have  considered  that  part.  But  until  one  seriously 
looks  at  the  application,  I  don’t  know  what  kind  of  arrangements 
would  be  made. 

Mr.  WxMiER.  Well,  isn’t  that  a  part  of  the  contract  that  ^ou  have 
with  the  company  at  this  point,  as  to  what  their  future  liabilities  in 
this  connection  are  going  to  be  f 

Dr.  Foster.  I  don’t  know  the  details  on  that,  Mr.  Wydler. 

Mr.  Wtdijsr.  Again,  would  you  supply  that  for  the  record  ? 

Dr.  Foster.  Yes,  sir,  I  shall. 

(Information  for  the  record  is  as  follows :) 

In  regard  to  the  question  of  the  government’s  recouping  some  of  its  investment 
in  research,  development,  tooling,  etc.  in  the  event  that  a  commercial  version 
of  the  C-5A  is  marketed,  the  C-5A  contract  reads  as  follows ; 

“Past  XIX — Commerciai.  Sales 

“In  the  event  the  Contractor  enters  into  commercial  sales,  which  shall  be 
deemed  to  be  sales  other  than  to  or  through  the  United  States  Government, 
as  a  result  of  the  development  of  the  items  called  for  herein,  the  Contractor 
shall  negotiate  with  the  Government  an  equitable  (1)  reduction  from  the  flnal 
contract  price  or  (ii)  payment  to  the  Government  for  the  proration  of  non¬ 
recurring  program  costs,  learning  benefits  from  military  production,  and  re¬ 
search  and  development  costs  applicable  to  this  contract  The  Contractor  shall 
negotiate  with  the  Government  for  use  of  Government-owned  special  tooling,  and 
pursuant  to  the  provisions  of  the  applicable  facilities  contracts,  the  use  of 
Government-owned  facilities,  machinery,  and  equliauent.  The  Government  is 
under  no  obligation  to  permit  the  Contractor  to  use  such  special  tooling,  facili¬ 
ties,  machinery,  and  equipment  for  commercial  production.” 

Mr.  Wtdler.  I  guess  I  can’t  do  this.  You  won’t  let  me  go  out  into 
the  space  program.  I  was  just  interested  in  the  relationship  that  now 
exists  between  NASA  and  DOD,  but  I  guess  I  can  wait  for  Dr.  Sea¬ 
mans  to  testify. 

That  is  all,  Mr.  Chairman. 

Mr.  Hechler.  Mr.  Lukens, 

Mr.  Lukens.  Thank  you,  Mr.  Chairman. 

Mr.  Wtdler.  Oh,  excuse  me,  if  I  might.  I  have  one  further  question. 
Will  you  yield  to  me  ? 
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On  page  6  of  your  statement  you  say  to  me  that  substanti^y  more 
efficient  and  timmy  use  of  aTailanle  resources  could  be  made  if  NASA 
worked  to  coordi^te  overall  research  programs  more  dosely  in  the 
interests  of  all  users.  What  are  you  suggesting  there  ? 

Dr.  Foster.  In  my  discussions  with  Dr.  Paine,  we  agreed  that 
NASA  could  and  should  make  a^  lar^r  effort  in  tms  arra.  In  recent 
years  NASA  has  almost  doubled  its  effort  in  the  aeronautics  field  each 
year.  This  additional  effort  will  take  more  people,  and  that’s  the 
kind  of  effort  that  I  am  suggesting,  as  I  believe  it  will  be  helpful. 

Mr.  WminR,  Yes,  but  here  you  are  saying  that  the  coordination 
could  be  done  better,  mote  closdy  in  the  mterests  of  all  users.  Now, 
what  suggestion  could  you  make  to  do  it  better  ? 

Dr.  Foster.  Well,  for  example,  I  think  it  would  be  a  great  adv^- 
tage  to  this  country  if  NASA  would  build  up  the  effort  to  the  point 
where  they  served  as  the  data  bank  for  the  whole  area  of  aeronautics, 
as  the  NACA  did  were  before  the  space  era  began. 

Now  that  requires  ju^  a  constat  increase  of  effort  over  the  ne^  few 
years — effort  in  the  research  facilities  and  effort  in  tying  in  the  indus¬ 
trial  contractors  and  all  their  facilities  as  weU  as  the  other  agencies. 

Mr.  WtoiiER.  But  what  is  the  coordination  that  you  want  to 
inoprove? 

Dr.  Foster.  You  see,  at  this  moment  the  many  individual  aircraft 
companies  around  the  country  do  much  of  their  own  development 
work.  They  do  it  because  in  recent  years  NASA,  with  the  tremendous 
load  of  the  spa<»  progr^,  has  had  to  draw  people  frmn  its  laboratories 
in  the  aeronautics  field  into  the  space  program.  As  a  cons^uence,  with 
the  continuing  demand  for  aeronautical  research  by  the  Departments 
of  Defense,  Transportation,  and  others,  the  individual  companies 
have  had  to  put  up  their  own  fimilities  and  develop  their  own  data 
banks.  These  data  oanks  are  not  integrated  on  a  national  sc^e. 

Mr.  WTDtBR.  Well,  I  understand  that.  You  are  not  talking  about 
coordination  between  NASA  and  DOD. 

Dr.  Foster.  No,  sir. 

Mr.  Wtdler.  You  are  talking  about  NASA  and  distant  companies. 

Thank  you,  Mr.  Chairman. 

Mr.  H^HiiER.  And  perhaps  one  of  the  solutions  would  be  con¬ 
tained  in  what  you  mve  a  due  to  in  the  second  sentence  of  your  state¬ 
ment  on  pt^  6;  sdution  to  this  problem  lies  in  coordination  and 
leadership  within  the  executive. 

Dr.  Foster.  Yes,  sir. 

Mr.  Hechler.  And  one  of  the  purposes  of  tiiis  hearing,  I  think,  is 
to  focus  a  little  more  attention  on  the  need  for  raising  the  entire  status 
of  aeronautics  in  the  national  policy  picture. 

Dr.  Foster.  That  is  certainly  so,  Mr.  Chairman. 

Mr.  HscBinR.  Is  there  anything  further  you’d  like  to  add  to  that 
point? 

Dr.  Foster.  Well,  I  have  tried  to  assure  the  committee,  Mr.  Chair¬ 
man,  that  the  Department  of  Defense  will  do  everything  that  it  can  to 
assist  this  committee  in  that  regard. 

Mr.  Hechler.  Yes.  Mr.  Lukens. 

Mr.  Lttkews.  Yes,  Dr.  Foster,  let  me  first  of  all  say  that  I  am  proud 
for  many  reasons,  but  I  am  proud  of  belonging  to  an  administration 
and  philosophy  currently  evident  in  the  Department  of  Defense  that 
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has  seen  fit  to  cut  beyond  congressional  rrauests,  for  the  first  time  in 
this  decade,  many  programs,  some  of  which  have  been  duplicated  or 
overduplicated,  and  others  which  have  been  simply  overextended  and 
others  which  are  perhaps  not  as  necessary  as  they  thought.  But  at  least 
we  belong  to  an  £^e  now  in  the  last  10  years  to  see  the  first  cut  psy¬ 
chology  manifest  itself  in  DOD,  and  I  think  you  should  be  commendra 
for  your  part  in  thi^ 

Second,  I  would  like  to  say  it  is  very  easy  to  forget  that  this  country 
is — I  hate  to  make  a  speech,  Mr.  Chairman,  taking  the  liberty  of  the 
committee  here — this  country  is  free  because  we  are  strong,  and  we  are 
Urong  because  DOD  and  defense-related  agencies  have  done  this  work 
and  done  the  job,  and  for  this  I  am  extremely  grateful,  personally  and 
as  a  public  servant. 

Third,  it  is  very  ^sy  to  criticize  DOD  because  by  size  alone,  by  sheer 
view  of  the  definition  of  size,  you  are  going  to  step  on  more  toes  than 
I  think  any  other  agency  in  tms  Government.  And  I  hope  you  under¬ 
stand  the  questions  we  offer  are  really  not  in  a  critical  vein,  but  are 
more  in  an  analytical  vein,  but  may  take  the  outward  appearance  of 
criticism.  The  point  is  this :  Like  the  Post  Office  Department,  the  Gov¬ 
ernment  cannot  reasonably  expect  to  return  money  or  profit  on  its  in¬ 
vestments.  DOD’s  greatest  service  to  this  country  is  the  freedom  we 
enjoy,  and  this  I  want  to  commend  you  on,  and  I  stand  behind  the 
agency  a  hundred  percent.  I  think  you  would  operate  a  lot  more  effec¬ 
tively  if  politics  could  be  removw,  but  this  is  not  the  scheme  in 
America,  so  therefoie  we  just  bear  this  unnecessa^ — or,  if  you  like, 
bear  this  necessary  weight.  And  I  think  you  bear  it  very  well,  fortu¬ 
nately. 

I  am  interested  only  in  the  efficiency  of  the  DOD.  I  think  we  are  all 
interested  in  that,  and  I  think  that  you  have  been  very  efficient  as  a 
body,  because  I  mve  seen  Government  do  much  worse  than  DOD. 
Bight  here  in  the  Congre^  I  think  we  have  examples  where  we  cer¬ 
tainly  shouldn’t  be  throwing  too  many  stones,  because  we  do  live  in 
an  extremely  glassified  hous^  if  you  will. 

Now,  I  want  to  know  basically  if  the  spin-off  technology,  things  we 
learn  peripherally  or  tangentiatiy,  how  you  do  make  a  determination, 
what  your  management  approach  to  saying  this  is  relevant,  or  if  you 
like,  mated,  or  is  this  necessary.  Is  there  a  need  for  example,  work 
with  dolphins  for  underwater  transmission  of  signals.  I  understand 
we  have  learned  a  great  deal  from  a  project  that  on  the  surface  would 
seem  to  offer  no  appar^t  relationship,  explicit  or  general,  to  military, 
and  yet  indeed  has  a  great  deal  to  do  with  underwater  sonar. 

Dr.  Foster.  Well,  it  is  certainly  true.  And  as  I  said  before,  the  diffi¬ 
culty  we  have  had  is  in  this  matter  of  judgment.  To  a  layman,  the  fact 
that  the  Department  of  Defense  was  studying  the  cold  ad^tation  of 
Kmrean  women  divers  was  a  subject  of  much  amusement.  But  to  the 
naval  flier  who  is  down  in  the  waters  of  tiie  North  SeSj  it  is  a  matter  of 
minutes  before  he  may  be  too  numb  to  fight  for  his  life. 

We  have  lost  so  many  men  that  way  that  when  we  found  the  Korean 
women  pearl  divers  can  expose  themselves  to  5  or  8  hours  a  day  in  the 
coldest  waters  that  people  endure  voluntarily,  day  after  day,  it  seemed 
important  that  we  £17  to  understand  whether  it  was  something  in  the 
di(A  or  something  else  special  that  enabled  these  people  to  live  that 
way. 
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And  so  today  I  would  say  that  has  a  direct  and  apparent  relation¬ 
ship  to  a  militt^  operation. 

lu.  Lxtxens.  I  want  to  ask  specifically  about  this  interesting  com¬ 
ment,  and  your  reply  to  Mr.  Fidbright  and  the  other  body,  wi^ 
whom  I  must  say  I  take  great  exception  to  his  unjustified  criticism  of 
the  Defense  Department  in  many  areas.  Not  in  all,  but  in  many.  I 
might  say  most.  You  state  here  tmt  pigeons  have  bemi  used  most  re¬ 
cently  to  cull  defective  items  from  pharmaceutiod  and  dectric  signal 
component  inspection  lines.  Bring  that  down  to  layman’s  language. 
Wh^  do  pigeons  do  ?  Besides  the  obvious. 

]^.  Fosteb.  Pigeons  can  be  trained  to  ^eck  at  a  particular  charac¬ 
teristic  when  a  production  line  of  things  is  flowing  al<mg  on  a  belt; 
it  is  very,  very  difficult  for  people  looking  at  a  sea  of  aspirin  tablets, 
for  example,  to  notice  differences. 

Mr.  LtTKEKs.  They  can  particularly  cull  out  a  defective  item  ? 

Dr.  FosnoL  Exa^ly.  There  is  something  sp^al  about  bir^  that. 
has  to  do  with  visual  acuity.  Now  from  the  point  of  view  of  the  De¬ 
partment  of  Defense,  the  fact  that  they  fly  and  have  this  visual  acuity 
is  important.  I^t  me  give  you  an  example,  because  I  happen  to  believe 
that  m  this  case  also  there  is  a  direct  and  apparent  rmationahip  to 
militu^  operations. 

In  'Vietnam,  as  you  know,  there  is  tall  grass,  called  elephant  grass, 
and  as  you  walk  through  it  you  can’t  see  very  far  ahead  of  you.  How¬ 
ever,  if  you  are  in  a  helicopter  overhead,  it  is  very  obvious  where  every¬ 
thing  is,  because  you  ate  looking  straight  down  along  through  the 
grass,  and  you  can  easilv  see  the  combatants,  even  though  they  can’t 
see  each  other  10  or  20  feet  away.  And  so  it  is  possible,  for  example, 
that  a  bird  co^d  be  used  to  go  from  its  master,  up  into  the  air,  and 
take  some  action,  as  a  result  of  training,  to  indict  whether  or  not 
anytme  else  was  around.  Now,  it  turns  out  that  crows  are  particularly 
useful,  when  they  are  trained  this  way.  So  again  I  would  say  that  there 
is  a  direct  relationship  to  the  military  operation. 

Mr.  Lukeks.  If  I  might  be  permitted  to  coin  a  phrase,  “air  dog,” 
because  you  alrea^  have  a  seeing-eye  dog. 

Mr.  HnoHijat.  The  Chmr  I  think  is  going  to  have  to  invoke  section 
203  to  restrict  these  hearings  to  a  direct  and  iroparent  relatimi  to  the 
questions  and  the  purpose  of  the  hearing,  and  I  would  add  the  Sec¬ 
retary  of  the  Air  Force  has  been  waiting  nearly  an  hour,  and - 

Mr.  Loksks.  I  think  the  Secretary  of  the  Air  Force  would  be  happy 
to  wait  in  a  situaticn  where  it  aorues  so  much  benefit. 

Mr.  Hbohusb.  Thank  you,  Mr.  Lukens. 

Mr.  Goldwator. 

Mr.  GomwATES.  iniuik  you,  Mr.  Chairman. 

Dr.  Foster,  I  certainly  enjoyra  your  remarks  today  and  I  just  wanted 
to  perhaps  s^gest  that  you  supply  for  the  record,  m  the  case  brought 
W  Mr.  I?i^dler,  the  amounts  of  money  that  have  been  returns  to 
the  Government  from  development  of  the  707  by  Boeing. 

Dr.  Poster.  Yes,  sir. 

Mr.  Goldwaisel  I  think  it  would  be  interesting  to  see  that. 

Dr.  Foster.  I  certainly  will. 

Mr.  doLDWATER.  And  second  of  all,  I  wonder  if  you  could  clarify 
what  you  mean  by  the  technology  base — and  also,  it  is  in  regai^ 
It  seems  to  me  in  your  statement— I  think  on  page  5~that  w^ave 
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consuiiied  our  tec^olog^  baa(»  because  6t  the  war.  It  seems  to  me  just 
on  th^  6ontr^,  that  in  the  times  gr^  demand,  brought  on  by  war, 
that  wo  would  be  eipan<fing  this  orea,  n^  consuming  it. 

Dr.  FbatKB.  lhatS  a  rather  critical  and  important  questicm,  sir. 
First  of  foy  technology  bash  I  mean  the  studies  of  materials— ma¬ 
terials  that  do  not  ftti^ei  so  easilyt  that  hare  greater  strength  proper¬ 
ties,  do  not  corrod^  thin^  of  that  nature.  It  might  also  mdude  the 
understanding  of  air  dynamics — ^the  details  of  why  wind-tunnel  and 
actual  flidht  maracteristics  differ. 

All  of  wese  things  add  up  to  our  beii^  able  to  build  a  better  airplane. 

In  the  last  several  years,  however,  l^anse  of  the  urgent  ne^  of 
Southeast  Asia,  we  have  swept  up  these  things  that  were  available  to 
help  us  solve  our  difficult  problems.  But  it  wasn’t  only  that  we  swe^ 
up  things — ^we  swept  up  the  people  that  knew  them  host;  so  the  peo^ 
who  did  the  exploratory  and  advanced  development  were  the  ones  t^o 
were  able  to  take  those  items  and  put  them  into  advanced  development, 
engineering  development,  and  final  production. 

^d  so  m  the  interim,  in  these  several  years,  results  of  relatively 
basic  and  ezplorato^  efforts  have  been  depleted,  and  so  we  now  mu^ 
fill  up  that  void.  Either  the  people  who  helped  us  put  these  things  into 
production  must  go  back  or  we  must  replace  them  with  others  vmo  can 
work  in  that  new  area  and  again  build  up  the  base. 

Mr.  Goldwater.  This  seems  to  me  that,  as  I  can  recall  back  a  few 
years  ago,  and  perhaps  I  am  closer  to  it  than  some,  before  I  got  into 
Congress  1  had  a  little  business  where  I  supplied  technical  employees 
to  the  aerospace  industry,  and  we  had  a  tremendous  time  finding  qual¬ 
ified  people  when  there  was  a  big  purii  on,  not  only  because  of  space 
but  b^use  of  the  war  effort.  And  now  traay,  a  lot  of  these  people 
are  running  around  looking  for  jobs.  These  are  well  qualified  people. 
And  so  it  seems  to  me  that  anting  that  period  of  time  when  there  was 
a  big  push  op,  during  the  big  push  for  the  war  and  space  that,  we 
werenx  zt^y  consuming,  it  seemed  to  me  like  we  were  expanding. 
But  I’ll  tdke  What  you  say. 

Dr.  Foerrit.  I  think,  Mr.  Goldwater,  the  point  is  that  we  were 
expanding’  thrire  more  in  the  end  military  applications  than  in  the 
technokgy  base.  And  it  is  true  there  are  a  lot  of  very  able  people 
aroun^  and  the  reason  that  they  are  not  to  replenish  our  technol(^ 
case  is  in  part  be(^use  we  are  limited  in  funds. 

Mr.  GomwaTEK.  I  see.  Thank  you. 

I  have  no  further  questiem^Mr.  Chairman. 

Mr.  Hbohubb.  Thi^  yon.  Dr.  Foster. 

Mr.  WriJUSB.  Could  I  make  one  observation?  You  kno^  in  a  way 
I  can’t  help  thinking  of  section  203  as  a  pat  on  the  back  ror  the  D^ 
partnmt  of  Defense,  because  it  indicates  tbAt  you  weren’t  really 
spending  all  your  money  just  on  military  weapons  but  you  were 
oonoemM  ana  bottidreid  with  the  civilian  problems  of  the  county 
as  wriL  At  least  that  is  tbo  implication  I  read  into  it.  You  were  spend- 
ing  your  mon^  fodiridy  by  doing  leseareh  on  nonweapons  or  ncm- 
muitary  itcm&<I  ckm’t  know  if  t&t  is  a  criticism  or  not,  but  a  lot 
of  peopie,  {terticalariy  some  of  yoqr  severest  critics,  should  consider 
that  a  oomplimept. 

.  That  is  aU»  k(r.  CSiaixman. 
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Dr.  FoenB.  Mr.  Wydler,  I  think  ther^  was  work  going  on  that  some 
people  fdt  had  vety,  vecy  little  dir^  rdationship  to  our  operations 
or  activities.  respect  to  the  nniversitieB  however,  I  believe — and 
I  think  others  do  als^that  is  of  paramount  importwce  that  the 
Uiatters  of  national  security  be  inti^tely  oonnectra  with  our  intel¬ 
lect^  centers,  the  i^»deinic  community,  and  ttiat  in  past  years  the 
Departuient  of  Defense,  recognizing  this  basic  need  as  well  as  our 
detai^d  technical  needs,  has  gone  to  the  universities  for  asastance. 

Mr.  Hechler.  Thank  you  very  much,  Dr.  Foster,  for  all  this  ex¬ 
cellent  testimony.  If  there  are  no  further  questions,  we  will  proceed 
with  Hon.  Robert  C.,  Seamans,  Jr.,  Secretary  of  the  Air  Force,  one 
of  NASA’s  most  distinguished  alumni,  the  former  Deputy  Adminis¬ 
trator  of  NASA. 

Mr.  Secretary,  would  you  care  to  summarize  your  statement,  or 
proceed  just  in  any  way  that  you  care  to?  We  are  going  on  until  the 
second  bell,  then  we  will  have  a  10-  or  15-minute  recess  vwle  the  mem¬ 
bers  answer  the  quorum.  But  you  may  proceed  in  any  manner  which 
you  care  to,  for  the  benefit  of  £he  committee. 

STATEMXHT  OF  SON.  BOBEBT  C.  SEAMANS,  JB.,  SECRETABY  OF 

THE  V.S.  AIB  FORCE 

Bioorapht  of  Db.  Boeigtr  Chanhino  Sbauanb,  Jb.,  Secbbtaby  of  the  Ant  Fobce 

Dr.  Bobert  CS.  SeamanB,  Jr.,  became  Secretary  of  the  Air  Force  on  February  15, 
10981.  Prior  to  bis  appointraeit  aa  Sectary,  be  was  tbe  Jerome  Clarke  Hnnsaker 
Professor,  a  Massachusetts  Institute  of  T^bnology  (M.I.T.)  endowed  Tisitiug 
profeasorshlp  In  tbe  Department  of  Aermautics  and  Astronautics  in  honor  of 
tbe  founder  of  the  Aermiautical  Bbslneerlng  Department  at  M.I.T.  He  also  was 
a  consultant  to  tbe  Administrator  of  tbe  National  Aeronautics  and  Space 
Administration  (NASA). 

Dr.  Seamans  has  been  active  in  the  fields  of  missiles  and  aeronautics  since 
1941.  Prmn  iMl  to  1965  be  held  teaching  and  project-management  positions 
at  M.l.T.  In  1900  he  joined  NASA  aa  Associate  Administrator  and  then  became 
D^uty  Administtator. 

From  1948  to  1968,  be  served  on  technical  committees  of  NASA’s  predecessor 
organization,  the  National  Advisory  Ccunmittee  for  AeronaotlcB.  He  served  as 
a  cmisaltant  to  the  Sclebtlfic  Advisoiy  Board  of  tbe  Air  Force  from  1967  to 
1969,  as  a  member  of  tbe  board  from  1969  to  1902,  and  as  an  associate  advisor 
fran  19%  to  1907.  He  is  a  National  Delegate,  Advisory  Group  for  Aerospace 
Reseoxcb  and  Developinent  (NATO),  and  a  memiber  of  tbe  International  Acad¬ 
emy  of  Astronautics. 

Dr.  Seamans  was  bom  on  October  30, 1918,  in  Salem,  Maes.  He  attended  tbe 
Lenox  School,  Lenox,  Mass. ;  earned  a  l^belor  of  science  degree  in  engineering 
at  Harvard  University  in  1989;  and  at  1LI.T.  e  master  of  stance  degree  in 
aeronautics  in  19%,  and  a  doctor  of  acience  degree  in  instnnncmetloa  in  1961. 
He  has  receiv^  honorary  dioctor  of  science  degnm  from  BoUine  College  and 
New  Tdrk  Unimnlty.  He  is  a  member  of  tbe  Board  of  OvecseaES  at  Harvard 
Umvewtty. 

He  held  teaehtag  and  iHojeet-management  poslttoes  at  M.LT.  from  1941  to 
1965.  Tb<«se  inpladed  :  Asststant  Pzofossor  and  then  Associate  Pnrfessor,  De- 
parent  of  Aeron^Utleal  BnglneeTlng;  Project  BuiMer.  InatnUaentetion 
L^eoratUiy Chief  Homnebr  of  Project  Meteor;  IMrector  of  the  Fliifiit  Ciontrol 
LalMtMtOff.  ■ 

-Berjolnedfttae  BadlOiCoepacation  of  America  Ita  1866  ks  llanegebient  of  the 

■*!•*  ^****  SystesMi  BeglDSer  of  ttie  Airborne 
be  became  Chief  Bogineor  of  iAe  Mlsaile  Blec- 
sM  Control?  st  KdA  m  Bnrllngtoiit 

In  1900  Dr.  Seamans  joined  NASA  as  Associate  Administrator  with  respoajsi- 
bUities  for  research  end  development  programs, 'fieKl'leboretorleO,  assembling 
and  laanching  focilitiee,  and  a  worldwide  network  of  tracking  stations.  From 
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D«e«Bbw  UMB  ontU  Jairaury  1068  be  ire*  Devety  A4ist*lst>*tOT  eC  NA.SA 
nUialos  many  of  tbe  management  napewribUttlaB  of  U*  i»ior  gertUon. 

fie  was  appointed  a  riaUlng  profeaamr  at  MJ.T.  in  March  1968  and  became 
tba  Jeranw  Clatb*  Haaaaker  Protaaer  iB  Inly  IBW. 

Dr.  Seamans  la  a  membw  at  Sigma  Xi;  the  Aarcncan  Aaaooiatlon  for  tbe 
Advanewnent  (rf  Sdenoe:  Amerloan  Aatronantieal  Soeiety;  American  Society 
for  PaMie  Admlniatration;  American  Academy  of  Arts  and  Scimioes  (Boston) ; 
Natfcmal  Space  Club;  Foreign  Policy  Association;  and  National  Aimdemy  of 
Engineering. 

£te  haa  received  the  following  awards:  Naval  Ordnance  Devetopment  Award 
(lOtf  > ;  American  Institute  of  Aeronautics  and  Astronautics,  Sperry  Award 
(10«) :  Godfrey  L.  Cabot  AvlatioB  Award  (1066) ;  NASA  Oistingniabed  Service 
Medal  (1066)  ;  Goddard  Trophy  (1068) ;  NASA  Distingulabed  Service  Medal 
(1068). 

Dr.  Seamans  Is  married  to  the  former  Eugenia  A.  Merrill,  and  they  have  &ve 
children :  Mrs.  Katharine  Padnlo ;  Robert  C.  Ill ;  loseidi ;  May ;  and  Daniel. 

PRBPARfiD  STATEMENT  OF  HONORABLE  ROBERT  C  SEAMANS,  JR., 
SBCatETABY  OF  THE  AIR  FORCE 

Mr.  Chairman  and  Members  of  the  Subcommittee,  tbe  subject  of  Aeronautical 
research  is  of  primary  importance  to  the  Air  Force.  We  have  good  aircraft,  but 
many  of  them  are  now  getting  old  and  may  soon  be  (Sumlete. 

Our  best  air-to-air  dghter,  the  F-4,  first  flew  in  1068.  It  Is  stiU  in  a  tfiaas  with 
the  Mig-21,  but  the  Soviets  displayed  six  new  fighters  at  the  Dmnodedovo  Air 
Show  of  July  1067,  raising  serious  questions  about  our  relative  capability  In 
cosoing  years. 

In  the  area  of  strategic  bombers;  our  B-fi^  first  fisw  in  1062  and  the  last  air¬ 
craft  was  ixroduced  in  1062.  In  the  meantiiue,  aaronantlcal  tedinology  has 
advanced  a  ccmsideralile  distance,  and  Soviet  air  dsfaMSs  have  greatly  Improved. 

If  we  are  to  maintain  an  adequate  air  force,  we  must  continually  paness  forward 
wMh  our  a«onautlcal  lesearA  and  aircraft  devetopmmt  programs.  In  this 
process,  oooperati<m  between  NASA  and  the  Air  Force  is  a  crittcal  factor. 

The  F-IS  air-to-atr  fighter 

To  countw  a  growing  Soviet  threat  to  our  air  superiority  capability  the  Air 
Force  is  develoifing  tbe  F-15  fighter.  The  F-16  concept  calls  for  a  fixed  wing,  two 
engine,  aiiigle  seat  fighter  having  superior  peifonnauce  over  a  broad  range  of 
altitudes  mid  speeds.  It  wUl  also  &.ve  thrust  to  wei^t  and  low  wing  loading 
to  satisfy  its  bl^  performance  requirmnenta 

NASA  has  been  assisting  the  Air  Force  in  this  effort  ever  since  tbe  concep¬ 
tions!  team  was  formed  to  contlwt  In-bouse  analysis  and  wind  tnnnet  testa  NASA 
tedinical  personnel  participated  with  our  contractora  in  additional  wind  tunnel 
test  a^.  analysis  In  tom  worked  with  tiie.  Air  Force  in  evalnatlng  tbe 
contractor’s  studies.  NASA  again  made  Important  contributions  in  preparation 
of  tbe  Bequest  for  Proposal  which  was  uasd  in  the  DsflnitioB  Phase  of  the  F-15. 
During  this  itose  NASA  enginceta  were  members  of  tbe  Bvaluatton  Team  which 
oonduotod  program  reviews  tbe  contractors'  approaches  to  designing  and 
moiMging  the  F-15  development  During  tbe  last  several  nxmtha  migiaems  from 
NASA  have  been  acting  as  technical  advisors  to  the  Source  Selection  Board  in 
evaluating  and  analyzing  the  work  of  the  three  ocmtractocs  so  that  source 
selscMoB  can  be  made  and  the  wtooer  announced  by  the  first  of  tbe  year. 

AH  of  the  F-15  contractora  have  Indicated  n  desire  to  use  NASA  facilities 
and  exptildse  in  the  deveiepasent  of  this  new  aircraft  NASA  facilities  are 
iwiafamlmey  airitahte  tor  inlet  and  aft  bafly  test*  praasnre  dlstrUmdop  stndiesand 
teatt  «f  abM^  and  eoidtOL 

NASA  direct  support  of  contraetda*  Is  critically  tstoortaat  to  the  success 
oi  awe  devsl^pttent  effoitsi  W*  nmit  detesadne  how  wMl  configurations  work 
over  wide  epe^/aad  alUttHlA  nmgsA  arartaacton  kafve  some  wind  tunnels  and 
have  acuesB  to  tk*  OomMl  AeolMiauticU  Eaberktory  aad  Air  Force  laboratories, 
latt  mark  of  their  work  most  be  dOtiw  at  NASA  lab*  This  shonld  be  considered 
esBentkd  RAD  aasisteace  and  drauMlie  funded  aeoordingly. 

Tfi^  ttnfiia^yaik^  '  y.' 

D.S.  haa  maintained  bottl  a  miaslie  force  and  a  bcunber  force  to  ensure 
agshirt,  tu>axi>ected  SoTiatdevMqpB^toaffecttosatther  one  thee*  system*  In 
vl^  of  ow.aging  >Wf4  to.mefTa'fotward  wlu  the  saglnuwing  develop- 
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ik6Bt  ot  &n  advanced  Ixunber.  Bven  If  we  do  ao,  we  cannot  have  an  Unproved 
strategte  aliecaft  ready  ontil  1978  «r  later. 

To  date  we  bave  be«i  workinf  on  advanced  developmenta  and  syat^  atndiea 
wblch  will  permit  a  reduction  fn'develapiaent  lead  time  and  tbe  aaaodated  tedi- 
mcal  rlak.  Onr  advanced  dev^<qimient  efforte  have  Uielnded  work  in  propalelon 
and  avioiltes,  with  the  in^fanlnary  deaisn  etndlee  providing  characteriatics,  con- 
figmatloa,  and  initial  decdgn  data.  We  most  solve  each  pr^lema  aa  whethmr  tbe 
S-^1  duNdd  have  variable  sweep  wings  and  how  we  can  beat  provide  for  hi|k 
anbaonlc  apeed  at  low  altitndea. 

NASA.  anppoiFt  ot  the  B-l  inogram  will  be  needed  in  many  atean  We  hope  to 
use  the  experttaeof  6  to  10  NASA  penMmnel  as  part  of  the  source  adectlon  teams. 
Subsequent  to  source  selection,  continuous  Ualaon  will  be  maintained  with  NASA 
ao  that  their  expertiae  can  be  used  should  any  problems  devdop  In  Internal  or 
external  aerodynamics,  aircraft  handling,  stability,  ride  qnallty,  or  structures. 

LtffM  iniratheatre  transport 

Our  tactical  airlift  mladon  is  currently  being  accomplished  by  the  C-lSOs, 
C-1233,  and  0-7a  The  C-iaOs  are  restricted  to  conventional  take-off  and  lensfag 
operations  on  moderate  length  rnnways.  The  0-12Ss  and  O-Ts  are  limited  In 
numbers,  cargo  compartment  slse,  and  payload  capacity. 

To  provide  an  Improved  tactical  airlift  capability  tbe  Air  Force  Is  proposing 
the  develoiMnent  of  the  Light  Intratbeatre  Transport  (LIT).  We  must  deter¬ 
mine  whether  this  aircraft  should  have  a  vertical  take-off  capability  or  only  a 
short  take-off  and  landing  or  STOL  capability. 

As  an  Initial  step  in  the  LIT  development,  a  propeller  demonstration  program 
has  been  started  to  verify  the  technology  associated  with  a  large  diameter 
propeller.  We  plan  concurrent  efforts  In  the  technology  of  flight  controls  and 
engtnes.  When  funding  is  available,  we  will  initiate  a  competitive  design/valida- 
thm  effort  by  two  contractors,  leading  to  the  flnal  design.  A  deliberate  develop¬ 
ment  pace  will  be  followed  niittl  we  are  confident  that  full-scale  development 
and  acquisition  should  commence. 

It  is  clear  that  tha  Onlted  States  is  no  longer  a  leader  In  tbe  world  with 
respect  to  appUcaitiom  of  V/STOL  technology.  Although  we  have  spent  over  |500 
mUliou  on  18  different  V/STOL  systems,  none  have  yet  rea«fl»ed  the  operational 
stage  and  at  this  time  our  efforts  are  funded  at  a  very  low  level. 

Most  of  the  work  to  date  has  proven  that  various  concepts  will  work :  tilt 
Wing,  tut  duct  pnqieller,  direct  lift,  tilt  rotor,  and  lift  fan  aircraft  bave  all 
flown.  But,  In  each  of  these  programs,  problems  bave  developed  which  have  not 
yet  been  solved.  Several  reseatdt  aircraft  are  still  being  flown  by  NASA — tbe 
X-14,  the  XV-b,  the  XV-fl,  and  the  X<>-142.  It  is  very  important  that  these 
tests  continue  In  stKfli  areas  as  vibration,  downwash,  and  redrenlation  Investi¬ 
gations;  dedoent  and  tertninal  urea  wuik;  and  flow  field  determinations. 

We  Intend  to  call  <m  NABA  for  ussistance  in  analyzing  candidates  for  tbe 
Light  Intzallteatro  Transport  ihlBBion  and  for  contlnned  development  in  critical 
areas. 

As  we  an  know,  NASA  has  been'  very  enceeesful  with  its  launch  vehicle  and 
spacecraft  develoiMnent  programs  It  mey  he  that  NASA  should  also  undertake 
airenfft  development  programs  In  selected  areas  such  as  V/STOL,  areas  that  are 
importa:rt  to  both  dvO  and  military  capaUlitles. 

The  A~X  oJose  support  aircraft 

Providing  the  best  poseible  doee  air  stq;>port  for  onr  hi^ly  mobile  Army 
units  has  become  incrrosla^  important  Beoognlzing  tbe  need  to  Inqnove  doee 
air  support  the'Alr  Force  te’propoelng  the  devdopment  of  a  spedallied  Close 
Air  Support  alrorsft  called  the  A->X.  It  IS'Dur  bellcft  that  an  aircraft  optimized 
for  the  single  mission  of  supporting  frlmidly  ground  forces  will  be  more  effec¬ 
tive  than  a  modifled  or  mdtl-purpoie  alrmtft 

The  A-X  will  be  a  sln^  scat  alresaft  of  rugged  construction.  Tbe  high  thrnst- 
to-wel^  ratio  oomMned  with  low  wiitg  loading  will  permit  heavy  combat  loads 
with  short  talced  distaaopa  and  aloo  wiU  prodnoe  unsurpassed  manenvera- 
biUty  at  BpeadKUg  to  300  knota  The  A-X  will  be  able  to  psorlde  day  and  nl^t 
visual,  dooeda  support  to  ground  tooops  engaged  with  the  enemy  under  low 
ceilings  and  rugged  terrain  where  high  peorformance  Jet  aircraft  cannot  (qierate. 
The  A-X  will  be  the  first  aircraft,  with  a  primary  diddim  objective  of  high 
snrvlvaMlIfy.  •  ' 

We  expect  tow  todudcal  prtbieiii*  with  tbe  A^X,  stace  It  tfiU  have  conventtonal 
sirncture,  eugtami^veqdfUii  Rikle  dev^to^mCiit,  and  •  nriehnnni  avtonlca  pack- 
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age.  However,  beeanoe  ot  the  high  thmsh^w«i|^t  ratio,  proUens  eC  low  apeed 
ataUUty  and  performanoe  map  ariaa  NASA  aaalatanoe  maj  prove  beneSdal  In 
verifying  atabillty  andeoitrol  characteriMlaa 

New  teekMlogn 

Many  technological  efforta  most  he  rimnltaneonaly  advanced  in  order  to  real¬ 
ise  sobatantial  progress  in  military  aircraft  design  and  the  resnlUng  iminove- 
ments  in  operational  capability.  Long  before  n^w  aircraft  can  be  developed 
and  introdimd  into  the  operational  inventory,  the  technical  base  mnat  be  firmly 
laid  by  pare  research  and  exploratory  and  advanced  develc^ment  programs. 
While  recognising  that  technological  advances  most  be  made  on  a  broad  front, 
I  shall  suggest  a  few  selected  concepts  and  technologies  which  promise  signifi¬ 
cant  gains  in  the  relatively  near  term:  the  NASA,  snpercritlcal  airfoil;  airload 
alleviation  and  mode-stabiUsation  systems:  fly-by -wire  flight  ctmtrols;  ad¬ 
vanced  stmctnres  soch  as  beryllinm  and  composites  of  boron  and  graifidte ;  and, 
perhaps  most  Important  of  all,  the  conttnnlng  requirement  for  advanced  aerody¬ 
namic  and  structural  analysis  methods  for  systm  optimisation. 

One  research  area  in  which  the  Air  Force  would  especially  ajvreclate  addi¬ 
tional  work  by  NASA  is  in  develotunent  of  techniques  for  transcmic  flight 
analysis.  Improvements  in  the  analytical,  wind  tunnel,  and  fll^t  test  tech- 
niques  of  evaluating  the  extremely  cmnidex  problems  associated  with  flight 
in  the  transonic  regime  would  result  in  r^or  improvements  to  future  fighter, 
bomber  and  cargo  military  aircraft 

Development  at  the  NASA  supercritical  wing,  which  will  be  tested  soon  on 
a  modified  Navy  F-S  Jet  fighter,  offers  considerable  promise  for  improving 
cruise  efSciency  at  high  subsonic  speeds.  This  concept  shouid  be  followed  by  an 
investigation  of  new  wing  shapes  and  new  aircnuft  configurations  to  improve 
the  transonic  maneuverability  as  well  as  the  cruise  performance.  From  a  mili¬ 
tary  point  of  view,  aircraft  maneuverability  in  the  transonic  speed  flight  regime, 
including  target  tracking  without  the  presence  of  airframe  buffet,  is  a  very 
important  tactical  consideration.  The  Air  Force  would  like  to  see  NASA  test 
a  supercritical  wing  design  on  a  swing-wing  F-IU  in  order  to  determine  the 
ability  of  this  aerodynamic  shape  to  improve  the  transonic  maneuver  capability 
as  well  as  delay  the  drag  divergence  Mach  number.  Joint  NASA,  Air  Force 
and  contractor  studies  for  such  a  program  are  underway. 

Other  research  efforts  which  are  important  to  the  Air  Force  deal  with  the 
problems  associated  with  aft-end  engine  nossle  design  and  airframe  wing  inte¬ 
gration  for  minimum  drag.  These  dUBcult  design  problmns  are  often  solved  by 
empirical  methods  of  bnild-and-try.  We  need  research  programs  to  discover 
analytical  and  wind-tunnel  solntiona  Similarly,  we  need  more  knowledge  on 
bow  to  test  scaled  engine  inlet  configurations  for  engine-airframe  compatibility. 
Here  again,  we  have  often  bad  to  do  full-scale  mgine  inlet  testing  because 
we  don’t  fi^  understand  both  the  steady  state  and  pnlsatlve  nature  of  inlet 
flow. 

There  has  been  a  continuing  trend  away  from  experimental  research  aircraft 
in  the  past  several  years  We  ail  recognise  the  bi^  cost  of  these  programs — 
but  we  should  also  recognize  the  higher  cost  changes  and  delays  which  may 
result  fran  the  use  of  unproven  technologies. 

Research  aircraft  provide  the  necessary  confidence  in  new  technologies  wbirii, 
with  the  great  expense  and  comiflexity  of  modem  aircraft  systems,  ia  necessary 
before  the  engineering  development  and  production  programs  can  be  approved. 
Flight  testing  of  research  veblries  often  is  the  only  effective  means  of  fully 
assessing  the  value  at  a  potential  technologlcul  advancement 

The  X-15  is  an  excellent  example  of  the  value  of  experimental  research  air¬ 
craft  in  advancing  the  state  of  the  aerodynamic  science.  Its  formal  objectives 
were  to  investigate  flight  at  hypersonic  Mach  numbers  and  at  altitudes  of  several 
hundred  thousand  feet,  but  Dr.  Hugh  Dryden  very  succinctly  described  the  un¬ 
derlying  purpose  of  this  program  as,  “.  .  .  exploration  to  aerate  the  real  from 
the  imagined  problems,  and  to  make  known  Ae  overlooked  and  the  unexpected 
problems.” 

In  design  and  intial  experiment;  the  X-15  was  oriented  toward  high  altitude 
fHght.  As  the  program  progressed,  the  requirement  to  more  fully  understand  the 
hypersonic  aerodynamic  flowflcild  Atid  tM  structural  dispersion  of  aerodynamic 
heating  became  increasingly  hhportant  There  wiks  S  continuous  eyrie  of  kuowl- 
edge  gained  leadb^  iU  new  qUeStfoud  iu  be  anstrend.  Neiriier  analyste  nor  ground 
test  could  have  accompBsbed  the  CatMyst-llke  SffactS  of  the  actual  flights.  With- 
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oat  detracflBg  fMn  the  aeco—ity  tit  aaalytlaal  and  groand  investigations  of  com¬ 
plex  proMems,  tbey  slmpiy  cannot  fidly  predict  the  response  of  an  aircraft  in 
flight.  Ton  can  work  ont  many  proMems  in  a  wind  tunnel,  but  the  wind  tunnel 
remains  essentially  a  simulator.  The  results  must  be  confirmed  in  actual  flight. 

In  an  effort  to  provide  for  flight  research  up  to  speeds  of  Mach  3,  the  Air  Force 
and  NASA  have  t^duded  an  agreement  for  a  four-year  Joint  program  of  flight 
tests  rat  two  TF-iSs.  NASA,  with  assistance  from  the  Air  Force,  will  use  the  ato 
craft  to  Investigate  the  adequacy  of  analytical  simulation  technianes  for  ine- 
dictlng  propulsloa  system  dynamic  characteristics,  aerothermoelastic  effects  on 
aircraft  stability  and  control,  and  other  phenmnena  associated  with  cruising 
fli^t  at  Mach  3.  The  Air  Force  will  also  use  tte  aircraft  In  a  modem  command, 
control  and  electftntlc  countermeasure  environment  The  TF-12  is  an  example  of 
a  prc^ram  orientled  to  NASA  research  ot^ectlves  and  at  the  same  time  used  to 
satisfy  Air  Force  test  and  operational  evaluaticm  requirements. 

The  Air  Force  is  also  Interested  in  other  areas  of  aeronautical  research  such 
as  air  traflic  c<mtr(d.  This  is  another  field  in  which  both  military  and  civilian 
aviation  will  benefit  from  new  developments. 

With  respect  to  vertical  fl^t,  in  the  President’s  Sdentific  Advisory 
Committee  recommended  the  development  of  take-off  and  landing  systems  to 
assist  the  pilot  In  making  safe  and  quick  landings  under  all  weather  conditions. 
These  would  be  accomplidied  In  a  manner  similar  to  that  which  the  astronauts 
used  In  landing  on  the  moon.  NASA  is  currently  conducting  tests  in  pursuit  of 
this  goal  using  the  Inertial  system  from  a  Gemini  capsule  Installed  in  a  helicopter. 

This  research  work  should  be  expanded  to  deal  with  all  tyiies  of  aircraft  and 
all  idiases  of  air  traflic  control,  from  take-off  to  landing. 

Atr  Force  exploratoru  development 

The  total  planned  Air  Ftwce  Exploratory  Development  program  for  FV  70 
Is  approximatdy  |240  million,  of  which  about  one-half  is  being  armlied  to  tech¬ 
nology  associate  with  aeroHantical  systems  and  equipment.  The  bulk  of  our 
Exploratory  Development  or  apidled  research  on  aeronautics  is  concerned  with 
flight  dynamics,  pr^mlslon  and  materials,  along  with  related  work  in  avionics 
and  the  environmental  sdencea 

In  the  flight  dynamics  activity  managed  by  the  Flight  Dynamics  Laboratory, 
we  are  working  in  the  five  technical  areas  of  structures,  flight  control,  flight 
mechanlcsj  dynamics  and  vehicle  equipment.  Our  current  efforts  are  concentrated 
on  reducing  the  weight  and  vulnerabUity  of  aircraft  structures.  Improving  flight 
control  astern  performance,  increasing  aerodynamic  performance  at  transonic 
speeds  and  improving  vehicle  equipments  such  as  landing  gear  and  escape 
systems.' 

Our  prtqmlsion  work,  managed  by  the  Air  Force  Aero  Propulsion  Lalmratory. 
develops  propulsion  components  and  technology  involving  fuels  and  lubricants, 
gas  turbines,  ram-Jets  and  secondary  powm  generation.  The  primary  emphasis  is 
to  improve  fuel  consumption,  thrust-to-welgbt  ratios  and  thrust-to-frontal  area 
ratios. 

The  materials  effort,  managed  to'  the  Air  Force  Materials  Laboratory,  is  cen¬ 
tered  on  the  development  of  high  temperature  metal  alloys  for  jet  engines  and 
the  application  of  composite  materials  toe  aircraft  structures.  The  work  in  high 
tempmtore  metal  alloys  is  directed  toward  Improving  the  strength  and  tempera¬ 
ture  properties  of  these  mateiiala  Cmnposlte  materials  are  being  developed  that 
pomlse  to  induce  the  structural  weight  of  future  aircraft  by  50%.  Tbi.s  new 
technofiogy  has  been  successfully  used  to  achieve  a  65%  weight  reduction  in  the 
horizontal  stabilizer  skin  and  consequently  an  overall  weight  reduction  of  27% 
in  the  stabiUner  of  the  F-111  aircraft. 

In  the  envlroaineiital  adences  we  are  investigating  the  properties  of  the  at¬ 
mosphere  in  such  areaa  as  dear  air  turbulence,  weather  forecasting  and  weather 
modification  as  they  apply  to  aeronautics. 

Air  Force  advanced  development 

The  total  planned  Air  Force  Advanced  Development  Program  for  FY  70  is  ap¬ 
proximately  $400  million  of  which  about  $60  million  is  being  apidied  to  Aero¬ 
nautics,  In  addition  to  advanced  developmeat  work  oriented  to  spedflc  aircraft 
aystims,  the  Air  Fmrce  also  conducts  tei^Dology  programs  that  will  provide  a  di- 
vmaifled  tedinology  base  for  futurs  systrou  as  .fbto  become  better  d^ed. 

In  the  prtonlfdon  area  we  pae  tbe  technology  and  indlvldnal  components  from 
onr  txplmtory  deyelopmenb  program  and  Integrate  them  Into  advanced  pro* 
pnlalon  systems.  These  new  propulsion  systems  are  Integrated  with  the  air- 
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frame  and  tested  tb  onr  advanced  development  program  called  Aircraft 
Pn^Mlaton  Sttbsystam  inte^mtton. 

Tbe  Aeroqaoe  StmetsM  Matexlala  Program  nsea  technology  from  oar  ex¬ 
ploratory  development  materials  ofognm  to  fahrieete  aircraft  components  from 
the  cmnposlte  materials  and  to  ffight  test  these  components  under  (operational 
conditions. 

Other  advanced  development  iwograms  in<dude  the  fabricatioB  and  testing  of 
flight  controls  for  Improved  survivahUlty  under  the  Flight  V^de  Subsystems 
Program  and  the  coUe<dlon  of  data  relative  to  the  National  Clear  Air  Tnrbiidence 
Program. 

Funding  for  new  aircraft  program* 

For  the  F-15,  |77.5  million  was  programmed  through  FY  flO,  and  $175.1  mil¬ 
lion  has  been  authorised  for  FY  70. 

The  B-1  program  received  $148.8  million  through  PY  W,  and  has  been  author¬ 
ised  $100.2  mUUOn  for  FY  70. 

Less  than  $1  million  was  allotted  to  the  A-X  through  FY  68,  and  $8  million 
has  been  authorized  for  FY  70.  We  hope  for  an  ainmcprlatlon  of  at  least  $2  mil¬ 
lion  to  Initiate  competitive  prototype  development 

The  Light  Intratheatre  mnsport  received  $1  million  throng  FY  68.  No 
m(mccr  was  anthoriaed  for  FY  70,  but  related  technology  programs  ainoont  to 
$3.6  million. 

Secretary  Seamans.  Mr.  Chairman,  members  of  the  stlbconunittee, 
I  am  very  happy  to  have  a  chance  to  appear  here  with  you  today,  to 
di^uss  aeronautical  research,  because  it  is  of  such  importance  to  the 
Air  Foive  at  this  time.  I  believe  that  I  would  like  to  proceed  through 
ray  statement,  and  perhaps  there  are  pieces  where  I  can  summarize  it 
in  order  to  save  time. 

Mr.  Hechles.  You  may  proceed,  Mr.  Secretary. 

Secretary  Seamans.  The  subject  of  aeronautical  research  is  of  pri¬ 
mary  importance  to  the  Air  Force.  We  have  good  aircraft,  but  many 
of  them  are  now  getting  old  and  may  sotm  be  cSiiolete. 

Our  be^  air-to-air  fighter,  the  F-4,  first  flew  in  1958.  It  is  still  in 
a  class  with  the  Mig-21,  but  the  Soviets  displayed  ^  new  fighters 
at  thmr  air  show  on  July  1967,  raising  serious  questions  about  our 
relative  capability  in  coming  years. 

In  the  area  of  strategic  bdmbers,  our  B-62  first  flew  in  1952,  coin¬ 
cidentally,  and  the  last  aircraft  was  produced  in  1962.  In  the  meantime, 
aertmaiitical  technology  has  advanced  a  considerable  distance,  and 
Soviet  air  defenses  have  greatlv  improved. 

If  we  are  to  maintain  an  adequate  Air  Force,  we  must  continually 
press  forward  with  our  aeronautical  research  and  aircraft  development 
programs.  In  this  process,  cooperation  between  NASA  and  the  Air 
Force  is  a  critical  factor. 

I  nii|tit  say  now  in  sununkry  of  the  section  on  the  F-15  air-to-air 
fighters,  where  the^  complete  statement  might  be  placed  in  the  record, 
that  we  have  received  a  oonaderahle  amount  of  help  from  NASA 
at  ail  stages  in  the  F-16  procurement.  We  now  are  at  a  point  where 
we  have  had  submittals  from  three  contractors  to  proceed  with,  first, 
the  development  and  then  the  procurement  of  about  750  of  these  air¬ 
craft  NASA  has  helped  us  in  the  past  and  is  helping  us  today  to 
evslnaSe  these  proposals  and  it.  is  our  intention  to  select  a  contract 
Slid  thMi  piyMera  Iftnnediflitoly  with  the  development  of  the  airplane. 

NASA'  diioet  gapp<»t  of  coatnuriors  is  critically  imptniant  to  the 
success  of  our  devmopment  efiforts.  We  must  detennme  how  well 
configurations  work  over  wide  speed  and  altitude  ranges.  Ontractors 
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have  some  wind  tuI^lela  a^d  have  access  to  the  Cornell  Aeronautical 
Laboratory  and  Air  Force  la^ratonee,  but  much  ot  their  work  must 
be  done,  at  NASA  labs.  This  should  be  ccmsideied  essential  B.  &  D. 
assistaaice  and  should  be  funded  aocordin^y. 

And  I  cah  say  here  that  there  has  raw  a  limitation  on.  NASA’s 
ability  to  support  aeronautical  contractors,  not  just  in  this  program, 
but  in  other  Air  Foroe  and  Navy  programs,  l^en  it  was  all  added 
up  there  was  a  greater  demand  for  wmd  tunnel  time  than  could  be 
supplied  by  NASA,  in  view  of  limitations  imposed  on  them  by  what 
in  the  past  at  least  was  called  their  administrative  operation  funding. 
This  was  speoificalW  a  limitation  on  the  technicians  available  to  run 
the  wind  tunnels.  This  forced  the  wind  tunnels  to  work  on  less,  I 
believe,  even,  than  an  8-hour  shift.  It  certainly  did  not  permit  them 
any  great  flexibility  to  operate  ovwtime. 

Mr.  Heghler.  This  was  specifically  limitation  on  personnel,  in 
administrative  operations  iOr  did  it  go  beyond  that  ? 

Secretary  Sbascans.  It  ww.  both  a  linut^ion  on  personnel  tonding 
and  on  funding  for  such  things  as  electricity  to  operate  the  wind  tun¬ 
nels,  according  to  my  wderstanding. 

Mr.  Hecrler.  I  think  it  would  be  helpful  to  tie  that  down  for  the 
record. 

Secretary  Seasians.  I  would  be  happy  to  supply  more  details  for 
the  record. 

Mr.  Hechler.  Yes. 

(More  details  for  the  record  is  as  follows :) 

NAinoiTAL  Aekorautiob  akv  Space  Aoministbation, 

Wa^inifton,  D.O.,  Deoemlter  iS,  1969. 


To :  Colonel  W.  B.  AxDOld,  8AJT<IjV,  Boom  5D-820,  The  Pmitagon.  Waabington, 
0.0.  20830 

Frtnn:  Depiit]r  AaSoclate  Administrator  (Aer6nantlc8).  Office  of  Advanced  Re- 
eeandi  and  Technology. 

Siffiject:  nanamlttal  of  information  on  NASA  support  of  DOD  aeronautical 
conttactors. 


In  response  to  your- reqaest,  the  Bdlowing  statement  Is  supplied  with  respect 
to  NASA  wind-ttumel  sopportof  OOD  aircraft  develc^ment  programs. 

A  continuing  function  of  the  NASA  program  in  aeronauUcs  is  to  provide  ex¬ 
perimental  oerodynamte  data  from  its  unique  large-scale  wind-tunnel  facilltiee 
to  contractors  of  the  military  servlees  for  new  aircraft  and  missile  t^stema 
This  assistance  wbmi  requested  by  the  service  and  determined  to  be  required  is 
fomiahed  without  direct  transfer  of  funds.  The  costa  are  covered  by  NASA  Cen¬ 
ter  Research  and  Program  Blanagement  (B&PM)  funds,  formerly  designated 
adminietrative  (^ration  (AO)  funds,  which  pay  for  salaries  and  most  expenses 
as  weU  as  the  facility  electric  iwwer  for  the  tests. 

Thw  limitations  on  R&PM  teBdiag  aud  personnel  imposed  npon  the  Centers 
do  limit  the  wind-tunnel  suraqrt  NASA  is  able  to  provide  to  tbe  Pepartment  of 
Petense.  With  adffitlooal  lu^d  fundhig  it  would  be  possible  to  buy  additional 
rieetrlhal  power  so  that  the  wind  tunnels  could  be  operated  mote  shifts  per  day 
tiiiiii  at  present.  However,  to  'operate  substantially  mme  would  require  in- 
cxeased  personnel  to  man  Uie  extn  shifts  and  to  conduct  the  larger  nnmber  of 
investigations  nndettahen.  l%e  increased  personnel  would,  of  coarse.  Increase 
farther  the  need  for  B&PM  tundlhg. 

For  axanqrt^  tlw  attachOd  table  indicates  the  extent  to  which  It  would  be 
fenaiiite  and  derirnMe  to  incBeose  the  ntilixatiOD  of  those  facilities  of  the  NASA 
LonglW  BsoMrch  Qmter  ta  gseateet  demand  by  tbe  POP  services  and  other 
goveniment  agehdes,  assuming  present  fnn^^  And  personnel  cpnstrainta  were 
iriieTsd.  It  is  semi  that  the  three  wind  tonhels  repiesentattve  of  ^  largeri; 
dnpltal  ihvelstttitata  were  operated  dOtteg  the  MSt  fiscal  year  at  bOty  half  to 
two<thlrds;  of  their  eophcity-  ■  1 
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A.  similar  aitvation  exists  for  the  lane  wind  tunnels  in  greatest  demand  for 
snpport  of  other  gorenuneitt  (nganlaatioas  at  the  NA.SA  Ames  Besearch  Center. 
In  1900  ajqmnlmali^  half  of  tim  aTsilable  wind-tonnel  Hmg  at  Anwa  was 
given  over  to  deTrtopmeidal  teats  reoasatad  by  the  Air  lywce.  Navy,  or  Army. 
The  40-  by  80-foot  wind  tnnnel  was  operated  full  time  for  two  shifts  per  day ; 
it  would  have  been  feasible  and  desirable  to  have  operated  on  a  three-shift  basis 
inasmuch  as  there  now  exlats  a  two-year  backlog  of  worii  for  this  cme-of-a-kind 
facility.  The  three  “Unitary  Plan**  wind  tunnels— 11-foot  transonic.  0-  by  7-foot 
snpersonic,  and  0-  by  7-foot  stqwMnile-^were  naed  together  tor  41530  hours 
during  the  year  or  something  over  two  dilfts  per  day.  This  was  accompt^ed  by 
working  available  personnel  overtime  and  bringing  in  ad^ticmal  personnel  from 
other  facilities,  As  a  result,  planned  ntllisatlcm  of  other  smaller  fadUtiee  had  to 
be  reduced  by  67  percent.  As  at  Lan^y,  under  the  existing  mani>ower  and 
funding  limitations  the  support  of  aerodynamic  testing  reqnlrements  of  other 
Qovemment  agendas  was  supplied  at  the  expmse  of  in-house  researdi  activity. 

Under  the  drcnmstances  the  NASA  Centers  can  only  supply  fall  suigiort 
for  the  most  urgent  of  speclllc  requests  for  use  of  their  fadlities  from  the  other 
Ctovemment  organisations.  All  such  requests  from  organisations  of  the  De¬ 
partment  of  Defense  during  F¥  1909  and  iwevlons  years  are  believed  to  have  been 
psx^rly  satlsOed.  In  each  case  adequate  test  programs  and  fadli^  sdiednles 
were  determined  at  the  Center  by  matdilng  the  contractor’s  pr(d)08ed  require¬ 
ments  against  available  NASA  research  Information  and  ftciUty  thne  that  could 
be  made  available.  With  the  country  essentially  at  war,  no  reasonable  demand 
codd  be  rdnsed,  however  the  asaicgance  was  often  provided  at  the  expense  of 
in-house  general  research  which  is  vital  to  the  advancement  of  the  nation's  aero¬ 
nautical  technology  and  capabilities.  On  the  other  hand  it  is  likely  that  other 
valid  needs  for  NASA  facility  utilization  were  not  pressed  by  the  military  serv¬ 
ices  because  of  thdr  awareness  of  the  resources  limitations  at  the  Centers,  and 
that  the  de0nltlve  answer  as  to  the  adequacy  of  the  NASA  wind  tnnnel  support 
might  come  from  DOD  sources. 

Chables  W.  Habpek. 

Attachment 

lATTACHMENTI 


Unilw  Mlttio  in  irantwl  dninand  hr  rnwreh  support  of 
othor  Govinunont  or(onizttions 


FKility  cost. 

actumulitad  Fiscal  ysar  Faasiblo 

to  present  1969  opera-  operation 
time  tion  (shifts  (shifts  per 
(thousands)  per  day)  day) 


UniUry  plan  wind  tunnal . 

16-fooi  transonic  tunnal . 

S-foot  transonic  pressura  tunnel _ 

Transonic  dynamics  tunnal . 

Hlgh-spaad,  7-  by  10-ftet  tunng . 

30O-mila-par-hour,  7-  by  lO-foot  tunnal. 

4-lbot  suparsonic  pressura  tunnal . 

Fall-scala  tunnal . 

Spin  tunnel . 

Landinf  loads  track . 


915,620 

12,867 

7,061 

11,184 

2,907 

704 

3,441 

1,252 

103 

4,487 


2 

2 

2 

IH 


j 


3 

2 
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Secretary  Seamans.  Now  turning  to  the  B-1  strategic  bomber,  again 
let  me  say  in  summary  that  we  in  the  Air  Force  and  in  the  Depart¬ 
ment  of  Defense  believe  that  the  time  has  come  when  we  should  de¬ 
velop  a  new  bomber  system.  As  I  have  already  said,  the  B-52  has 
served  us  well  for  nearly.  20  years.  We  believe  that  we  need  a  new 
manned  aircraft  to  provide  capability  for  the  strategic  mission,  and 
we  also  ncfte  that  a  manned  bomber  cw  have  uses  other  than  those 
originally  intended!  This  is  well  exemplified  by  the  performance  of  the 
B-62’8  in  Southeast  Asia  today,  . 

We  have  just  recently  gone  out  vdth  a  r^uest  for  proposal.  There 
are  four  oemmanies  that  &ve  indicated  their  intoest  and  their  intent 
to  propose.  NASA  is  again  supporting  our  program,  and  this  is  needed 
in  many  areas.  We  hope  to  use  the  expertise  of  six  to  10  NASA  per¬ 
sonnel  as  part  of  the  source  selection  teams.  Subsequent  to  source  se- 
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lection,  continual  liaison  will  be  maintainecl  with  KASA  so  that  their 
expertise  can  be  used  should  aqr  prohlemB  develop  in  internal  or  ezteiv 
nal  aerodynamics,  airoraft  handling,  stability,  ride  quality,  or 
structures. 

Now  turning  to  light  intratheater  transportation. 

I  have  been  to  l^uthea^  Asia  to  see  how  our  C-130’s,  C-123’s, 
and  C-7’8  have  been  operating,  and  th^  have  been  doing  an  excellent 
job.  There  are  times  v^n  even  wkh  our  C-7’s  we  can  not  get  into  an 
airport.  Li  those  cases  we  have  two  choices.  We  can  either  use  air¬ 
drop,  which  on  occasion  puts  the  aircraft  under  intense  fire,  or  we 
can  use  h^icop^rs. 

Helicopters  in  ^neral  are  limited  by  their  weight-carrying  capa¬ 
bility.  "rtere  has  been  a  considerable  amount  of  effort,  as  this  com- 
mittM  is  well  aware,  in  the  direction  of  vertical  and  short  takeoff 
landing  aircraft,  and  the  questicm  is  still  before  us  whether  we  should 
embark  on  a  development  with  such  an  objective. 

Mr.  HscHtJiA.  Excuse  me,  Mr.  Secretaiy.  Off  the  record. 

(Discussion  off  the  record.) 

Mr.  Hechlsr.  The  committee  will  be  in  recess  for  15  minutes. 

(Whereupon,  a  recess  was  had.) 

Mr.  Hechler.  The  committee  will  be  in  order. 

Secretuy  Seamans,  you  m^  proceed. 

Secretary  Seamans.  Mr.  Onairman,  I  was  referrii^  to  short  take¬ 
off  and  landing  aircraft  and  vertical  takeoff  and  landing  aircraft,  and 
I  was  just  pointing  out  that  we  must  determine  whether  these  aircraft 
should  really  have  a  true  vertical  takeoff  capability,  or  whether  it  is 
sufficient  just  to  have  excellent  short  takeoff  and  landing  capabilities. 

Most  of  our  work  to  date  has  proven  that  various  cruise  concepts 
will  work,  tilt  wing,  tilt  duct  prop,  direct  lift,  tilt  rotor  and  lift  fan 
aircraft  have  all  flown,  but  in  each  of  these  programs  problems  have 
developed  which  have  not  yet  been  solved.  Several  research  aircraft 
are  still  being  flown  by  NASA,  the  X-14,  the  XV-5,  the  XV-6  and 
theXC-142. 

Now  we  in  the  Air  Force  have  some  real  questions  about  V/STOL 
aircraft.  In  theory  they  are  highly  desirable  for  the  reasons  I  men¬ 
tioned  earlier,  but  we  are  concerned  that  the  percentage  use  in  the  ver¬ 
tical  mode  might  be  rather  small,  and  then  every  time  we  take  off  in  the 
STOL  mode  we  would  be  increasing  weight  unnecessarily  and  adding 
complexity  and  these  aircraft  mast  be  extremely  rugged  to  operate  in 
the  kinds  of  conditions  that  we  now  have  in  Sbutneast  Asia. 

As  we  all  know,  NASA  has  been  very  successful  with  its  launch  ve¬ 
hicle  and  space  travel  development  programs.  It  may  be  that  NASA 
should  also  undertake  aircraft  development  programs  in  selected  areas 
such  as  V/STOL  in  o^.^er  to  prove  concepts  for  both  civilian  and 
military  use. 

Now  continuing  on  page  6,  a  few  -trords  about  our  AX  close  support 
aircraft. 

In  tliis  case  we  arc  talking  about  an  aircraft  that  in  effect  would  live 
with  the  AmOT.  It  would  have  to  be  rugged,  it  would  have  to  operate 
out- of  short  &lds.  It  would  have  to  be  very  srirvivable  Tinder  nre.  It 
would  have  to  have  considerable  fltepower,  to  permit  it  to  directly 
support  the  Army. 
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We  are  considering,  in  this  procurement^  having  a  minimum,  if  you 
wiU,  of  detail  in  the  proposal  effort.  In  effect  we  would  end  up  with 
two  companiee,  each  cine  of  which  would  build  a  prototype  we  would 
have  a  true  flyoff  and  determine  on  that  basis  which  aircraft  per¬ 
formed  the  best 

Now,  we  also  have  underwav  in  the  Air  Force  many  technological 
efforts.  We  believe  these  must  be  simultaneously  advanced  in  order  to 
realize  substantial  progress  in  military  aircraft  design  and  the  result¬ 
ing  improvements  in  operational  capabilities.  At  tihe  bottom  of  page  8 
1  note  that  one  research  area  in  which  the  Air  f^orce  would  especially 
appreciate  additional  work  by  NASA  is  in  development  of  techniques 
for  transonic  flight  anal^is.  Improvements  in  tne  analytical,  wind 
tunnel,  and  flight  test  techmqnm  of  evaluating  the  extremely  complex 
problems  associated  with  flignt  in  the  transonic  regime  would  result  in 
major  improvements  to  future  fighter,  bomber,  and  cargo  military 
aircraft. 

Other  research  efforts  which  are  important  to  the  Air  Force  deal 
with  the  problems  associated  with  aft-end  Migine  nozzle  design  and 
airframe  wing  integtation  for  mitiimnm  drag.  These  difficult  design 
problems  are  often  solved  by  empirical  methods  of  build-and-try.  We 
need  research  programs  to  discover  analytical  and  wind-tunnel  solu¬ 
tions.  Similarly,  we  need  more  knowledge  on  how  to  test  scaled  engine 
inlet  configurations  for  engme-airframe  compatibility. 

There  has  been  a  continuing  trend  away  from  experimental  research 
aircraft  in  the  past  several  ytars. 

Research  aircraft  provide  the  necessary  confidence  in  new  technol¬ 
ogies  which,  with  the  great  expense  and  complexity  of  modem  air¬ 
craft  systems,  is  necessary  before  the  engineering  development  and 
productkm  programs  can  be  ap^HOved. 

The  F-ld  is  an  excellent  example  of  the  value  of  experimental  re¬ 
search  aircraft  in  advancing  the  state  of  the  aerodynamic  science. 

In  the  design  of  the  F-15  even  though  we  have  a  very  good  super¬ 
sonic  capability,  much  of  the  aircraft’s  actual  fighting  may  be  done 
in  the  transonic  region. 

One  of  the  things  we  are  concerned  about  in  the  F-15  is  tlm  inlet 
problem  at  lar^  an^es  of  attack,  in  a  maneuver  to  bring  the  aircraft 
around  to  attack  another  filter.  It  is  at  these  sort  of  off  nommal  con¬ 
ditions  that  we  may  run  into  very  difficult  inlet  proble^. 

I  don’t  think  I  need  to  tell  tliis  committee  about  the  flights  of  the 
F-15,  the  fact  that  it  has  flown  faster  and  higher  than  any  other  air¬ 
plane.  We  have  gathered  a  great  deal  of  hnportont  aeronautical  in¬ 
formation  and  also  had  a  1 9st  bed  which  was  vei^y'tisefol  for  other  pur¬ 
poses.  We  are  delighted  that  the  Air  Force  has  now  woriced  out  with 
NASA  a  jmogram  to  use  the  two  YF-i2’s  for  a  continuing  flight  re¬ 
search  program^  with  capability  of  sp^s  up  to  mach  8. 

In  addition  to  work  on  airframes^  propulsion  tmd  so  on,  the  Air  Form 
is  also  intmested  in  other  areas  of  sdronautical  research  such  as  air 
traffic  control.  This  is  aoioiher  flclid  in  which  both  military  and  civilian 
aviation  will  benefit  from  new  developments. 

NASA  is  currently  eonduetinsl  te^  in'  puihuit  of  this  goal,  and  I 
believe  Mr.  Sims  discussed  this  vrath  youV  committee. 

This  research  woih^  we  believe,  should  be  expanded  to  deal  with 
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all  types  of  aircraft  and  all  phases  of  air  traffic  control  from  takeoff 
to  landing.  , 

Now,  just  to  summarize  our  total  aeronauties  program,  we  have, 
first,  the  Air  Force  ezplbratory  developm^.  Our  total  exploratory 
program  for  1970  is  approximately  $240  million  of  which  wMut  one- 
hali  is  being  applied  to  technology  associated  with  aeronautical  sys¬ 
tems  and  equipment.  We  have  an  Air  Force  advanced  development 
program  whien  is  dhsoribed  starting  on  page  15.  Here  the  total  plan¬ 
ned  Air  Force  advaneSd  davelopiDent  program  for  fiscal  year  1^0  is 
approximately  $400  millioh  of  which  atout  $60  million  is  being  applied 
to  aeronantics. 

We  also^  have  in  our  research  and  development  area  funding  for 
omr  new  aircn^  I  have  already  mentioned  the  F-15.  We  have  $175 
million  avthmrized  for  1970.  For  the  1^1  bomber  program,  we  have 
been  authorized  a  little  over  $100  million.  We  have  $8  million  author¬ 
ized  for  the  AX  close  support  aircraft.  And  actually  no  money  except 
in  the  advance  technology  area  for  the  light  intratheeter  transport. 
If  you  add  all  of  this  up,  it  ccmee  to  $4w  million  of  research  and 
development.  Ton  can  see  how  important  the  Arid  of  aeronautics  is 
just  from  a  development  standpoint.  I  donH;  have  the  number  right 
at  my  fit^rtim,  but  the  aircraft  procurement  for  fiscal  year  70  runs 
to  about  $4  billicm,  so  that  the  more  basic  work  that  NASA  does  leads 
to  specific  develo^Hnents  of  major  proportion  which,  in  turn,  of  course, 
influttice  our  success  in  these  very  large  procnremraits. 

So  that  completes  my  statement  for  me  morning,  Mr.  Chairman. 

Mr.HzcHUsi.  Thank  you,  Mr.  Secretary. 

You  have  confined  most  of  your  rranarls  to  the  importance  of  aero- 
nautical^  research,  and  its  relation  to  the  Air  Force.  As  one  who  has 
held  a  high  portion  in  NASA,  and  has  been  very  active  in  many  phizes 
of  aeronautical  development  over  fhe^years,  just  how  would  you  weigh 
and  assees,  in  a  brief  :  statement,  the  unportance  of  aeronautics  in  the 
Nation,  across  the  hoard  ? 

Secrrta^  SbahakS.  Well,  across  the  board,  there  isn’t  any  question 
about  its  importance  to  the  Nation  and  to  the  world.  The  world  has 
truly  shrunk  Iw  virtue  of  the  field  of  aviation.  The  number  of  pas¬ 
sengers  flying  daily  for  long  distances  is  truly  remarkable,  even  viewed 
today,  muchless  if  it  had  been  viewed  end  understood  10  or  20  years 
ago. 

Clearly,  in  the  ooibmeroial  field,  I  think  this  was  stressed  by  Dr. 
Foster,  our  aeronautics  effort  is  (me  of  the  shining  lights  of  our  situa¬ 
tion.  We  are  selli^  aircorafl  all  over  the  world  because  we  have  had 
preeminence  in  this  field. 

It  is  a  questicm  of  whethw  we  are  gcung  to  maintain  this  superiority 
in  the  future,  and  that  is  the  reason  the  research  and  development  today 
in  aeronautics  is  so  inqioFtant  from  a  ccmunercial  standpoint. 

From  the  standpoint  of  the  militai^,  it  is  obvious  t^t  aeronautics 
is  ex^'emely  important.  There  has  hem  for  a  period  of  time  sort  of  a 
swinging  of  the  pradUluttx  tOifrard  musiles  sma  toward  space.  I  think 
it  was  appropriate  at  that  time.  - 

I  think  now  our.  need  in  tte  Air  Foi^  as  well  as  in  the  Navy,  for 
some  new  aircraft  is  appaieOb,  and)!  think  tUs  comes  at  a  Very  for¬ 
tuitous  time,  fafBcauMiS»  a  result  of  our  nfistile  and  space  work,  we  have 
some  new  capabilities  that  we  can  now  bring  to  bear. 
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So  I  asaees  the  field  of  aviatioin  as  one  of  the  most  important  fidds 
in  this  country  today. 

Mr.  Hschijs.  I  fully  concur  with  what  von  have  just  said.  You 
cited  some  examples,  and  other  witnesses  before  this  committee  have 
cited  the  frustrations  because  we  haVe  many  different  V/STOL  s^ 
terns  and  techniques  that  have  been  developed,  yet  none  of  them  far 
enough  along  so  that  we  can  put  them  into  nill  operaticm  fbr.  both 
civUiw  and  military  use. 

This  is  only  one  small  piece  of  the  problem,  though,  but  it  is  illus* 
trative  of  what  I  believe  is  needed — ^namely,  a  precise  statement  of 
goals  and  priorities  at  the  highest  national  leveL 

If  such  a  statement  were  promulgated  and  decisions  were  made, 
don't  you  believe  that  this  would  help  achieve  the  objectives  that  you 
are  seeking?  This  would  relate  the  importance  of  aeronautics  to  the 
development  of  our  Nation. 

Secretary  Seamans.  Yes;  I  think  it  would,  and  I  think  this  ties  in 
with  a  statement  I  made  when  I  appeared  before  Congressman 
Daddario’s  committee  on  the  goals  of  this  country  and  the  relationship 
between  research  and  development  and  the  attainment  of  these  goals. 

And  clearly,  one  of  the  major  important  areas  for  attention  is  in 
transportation,  broadly  speaMg— ground,  sea,  and  air — and  there 
are  some  real  problems  that  we  face  in  aeronautics,  as  we  alh^ '  • 

Even  though  we  have  made  great  advances  in  Idle  development  i.  the 
airplane  itself,  we  still  have  very,  veiy  difficult  problems  to  face  up 
to,  which  we  haven’t  really  faced  up  to  in  air  traffic  control,  traffic 
handli^  at  the  terminals  and  so  on. 

I  think  a  statement  of  this  is  a  national  necessity,  and  then  the 
followup  of  the  related  work  would  be  helpful. 

Mr.  Hechueb.  Mr.  Wydler. 

Mr.  Wydler.  Doctor,  do  you  find  any  problem  with  this  new  section 
203  that  has  been  discus^  liere,  in  relation  to  your  program  ? 

Secreta^  Seamans.^  I  was  very  iiiterested  in  the  discussion  you  had 
with  Dr.  Foster.  He  is,  from  the  Defense  standpoint,  our  leader  in 
this  matter.  We  in  the  Air  Force  are  doing  exactly  what  he  has 
described  for  the  Defense  Department  as  a  wholk 

We  are  going  ba(^  and  going  over  all  of  our  programs  again,  both 
from  the  standpoint  of  the  budget  reduction  whi^  we  have  sustained, 
as  well  as  from^  the  standpoint  of  whether  there  is  a  clear  application 
of  the  work  to  either  our  equipment  of  our  operations. 

And  I  can  give  you  ^  example  of  where  there  is  a  problem.  It  is 
not  really  an  aeronautical  matter.  I  don’t  have  one  of  tiiose  at  my 
fingertips.  But  there  is  at  M.I.T.  a  national  mt^dts  laboratory  that 
has  been  funded  by  the  Air  Force.  It  is  in  the  budget  for  about  $2.6 
milli^  this  year. 

It  is  a  laboratory  that  has  done  very  outstanding  researdi  in  connec¬ 
tion  with  a  . large  number  of  researon  pe^le  who  c<Mne  and  use  this 
facility,  some  of  whom  have  actual  Air  Force  experiments — and 
others  who  ^ve  e^riments  sponsored  by  different  agencies. 

The  ipiestion  arises  mow  wh^er  ^  can  justify  ih  the  future  the 
full  support  of  that  lab,  and  u>s  fiavv  just  ^  to  take  a  bsrdhesded 
view,  because  we  must  comply  with  this  908  AnumdinAnt. 

Mr.  Wthles.  It  seems  iroUiciil  -that  it  should  strike  the  civilian 
sector  of  the  research  field,  particularly  for  the  sponsors  and  pro- 
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that. 

TSie  F•-l{^  for  example.  Can  that  have  any  possible  civilian  use  that 
ytni  can  tiuxdr  of  t 

Se(a«tary  Seamahs.  1  doubt  that  the  airplane  as  a  complete  system 
has  direct  civilian  application. 

Mr.  WnuBt.  You  think  there  might  be  some  fallout  in  equipment? 

Secretarjr  Seamans.  I  believe  that  in  every  major  aircraft  develop¬ 
ment  there  is  fallout  from  materials,  propul»on,  night  control,  instru- 
mentatk^  tiiat  does  become  generally  available  to  the  indsutry,  and 
does  find  its  way  into  a  civilian 

Mr.  WmiiBt.  How  about  this  B-1  program?  Can  you  give  me  an 
idea  what  tvjpe  of — is  there  such  a  thing  as  a  specification? 

Secretary  Seamans.  Yes. 

Mr.  Wtdler.  How  many  motors  does  this  plane  have  ? 

Secretary  Seamans.  I  believe  this  is  one  of  the  items  that  will  be 
proposed  ny  the  competitors.  1  believe,  though,  it  will  have  four 
engmes. 

^e  features  of  the  aiiplane^  that  differentiate  it  from,  say,  the 
B-62,  are  first  of  all  su^ivability.  The  B-52  does  take  sp^ial  run- 
wa3rs.  The  new  plane  will  have  a  capability  of  using  much  shorter 
runways.  It  can,  for  that  reason,  be  diimer^  more  widely. 

It  wUl  also  be  demgned  so  that  from  the  clang  of  the  klaxon,  it  can 
get  off  the  runway  in  a  much  shorter  period  of  time,  which  leads  to 
survivability. 

And  it  wiU  also  be  designed  for  larger  overpressure,  so  that  it  can 
even  be  reasonably  close  to  a  nuclear  explosion  and  still  get  out  and 
car^  out  its  mission. 

Mr.  WTDiaai.  Will  it  look  like  or  be  similar  to  the  proposed  SST 
in  any  way? 

Secretary  Seamus.  Well,  this  is  one  of  the  items  that  is  still  in 
qoesti<m,  whMber  it  wiU  actually  be  a  fixed  wing  or  a  variable  sweep 
wing  aircraft.  We  want  the  contractors  who  are  proposing  to  give  us 
track  offs  <m  this. 

It  will  have,  at  high  i^ltitude,  some  supersonic  capability,  but  the 
reason  for  that  is  not  that  that,  per  se,  is  as  high  priority  as  the  low- 
altitude  penetration  capability,  which  we  want  to  be  high  sifiisonic, 
even  uncGn*  adverse  co^itions  of  weather. 

So  it  must  have  very  good  ride  capability  at  low  altitude,  and  once 
you  put  in  this  reqttir^ent,  it  is  not  much  mmre  expensive  to  provide 
the  high-altitude  supersonic  capability. 

Mr.  WTmjBb  That’s  all. 

Mr.  HsoHiAi.  Mr.  GoMwater. 

Mr.  (joldwater.  I  have  no  questions. 

Mr.  HbchiiOS.  If  there  tuw^no  further  qaestkins,  I  want  to  thank 
you,  Mr.  Secretary,!  for  this  extremely  heqiful  testimony. 

Ajid  if  there  are  no  further  questions,  these  hearings  are  concluded. 

I  would  like  to  thank  the  membNrs  ot  the  Mibeommittee,  the  chmr- 
man  of  the  full  comii4ttae,Mr.  MiUeB,iwho  auth<»ized  these  bearings, 
the  mooebers  of  the  :StafL  theibsedfeBt  Wknestes  and  all  others  who 
participated  m  msifamg  these  hsttrkii|^/a  soooess.^  I  am  convinced  that 
we  have  takeB;<h  nutmier  of 'fMward'  steps  inifbcusing  attention  bn 
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tbe  vital  area  of  aeroiwutica  and  its  importaaoe  with  relation  to  the 
present  and  future  strength  of  the  Natiim. 
f  Whersopon  the  snbeommittee  was  adjo^^) . 

In  addition^  various  agencies  and  organizations  were  to  iuaIth 
reconunendations  to  the  subcommittee  ^ving  their  views  on  additional 
R.  &  D.  needs  of  the  Nation.  These  submissions  follow : 

AutcBArr  Owners  and  Pmors  Association, 

WathinfftOH,  D.C.,  December  18, 1969. 

Mr.  Ken  Heohlss, 

Chairman,  Saboommittee  on  Advanced  Reeearoh  and  Technotopv,  Committee  on 
Science  and  Aetronautics,  U.8.  Bouse  of  Representatives,  Washinoton,  D.C. 

Dear  Mr.  Heohler:  AOPA  appreciates  your  kind  Invitation  of  December  11, 
1M8  to  submit  comments  regai^Uns  aeronantlcal  research  and  devel<u)ment. 
Doe  to  the  brief  time  reomlning  forudnsion  In  the  record,  we  will  confine  our 
comments  to  a  few  things  which  seem  most  important. 

We  have  reviewed  our  sabmisslon  last  year  (Aeronantlcal  Research  and  Devel¬ 
opment,  Hearings  before  the  Subcommittee  on  Advanced  Research  and  Technol¬ 
ogy  of  the  Committee  on  Science  and  Astronautics,  90th  Congress,  2nd  Session, 
Vol.  10,  page  320)  and  find  little  that  needs  change.  The  problems  enumerated 
stUl  remain. 

The  rate  of  growth  of  general  aviation  has  been  retarded  by  inflation,  restric¬ 
tive  regulations  and  the  Imminence  of  selective  taxation.  The  attached  table  gives 
some  comparative  data  for  the  last  two  complete  years.  Note  that  (lie  Items 
of  growth  (issuances,  unit  sales)  bardy  held  over  or  are  negative.  Average  unit 
cost  has  soared.  Indications  in  1969  are  that  student  starts  are  stUl  declining, 
unit  aircraft  sales  are  down  though  dollar  volume  is  up,  and  operations  at  many 
airports  have  suffered  a  decline. 

The  implications  for  the  economy  are  clear.  Small  communities  depend  upon 
general  adatlon  for  access  to  the  benefits  of  air  commerce.  Industry  relies  upon 
it  to  operate  widely  dispersed  plants.  Recreational  enterprises  use  it  to  survive. 
Business  employs  it  for  sales  and  service.  Strenuous  efforts  are  needed  to  make 
general  aviation  more  useful  and  less  expensive  as  well  as  safer,  if  it  is  to  per¬ 
form  its  essential  role. 

General  aviation  accounts  for  98%  of  the  civil  aircraft,  97%  of  the  pilots, 
94%  of  the  airports,  82%  of  the  hours  flown,  76%  of  the  operations  at  tower 
controlled  fields  and  virtually  100%  at  the  other  10,000  landing  places  in  the 
nation.  It  Is  a  substantial  and  Important  part  of  "civil  aeronautics”. 

It,  therefore,  seems  Just  a  little  odd  that  of  the  |77,700,000  authorized  for 
aeronautical  research  in  the  NASA  program  for  FT  1970,  only  $600,000  or  less 
than  1%  was  allocated  for  research  directly  related  to  general  aviation.  We  urge 
the  committee  to  remedy  the  imbalance  of  ^s  relationship. 

After  watching  the  research  and  develc^ment  efforts  of  the  Federal  Aviation 
Administration  and  Its  predecessors  for  some  30  years.  It  appears  to  ns  that 
the  same  amounts  of  money  wotdd  have  yielded  many  more  useful  results  if 
somecme  else  bad  had  the  responsibility  for  programing  and  expenditure.  At 
the  same  time,  we  are  not  satisfied  with  the  attention  and  treatment  that  aero¬ 
nautics  gets  within  the  structure  of  NASA  where  the  space  program  is  so 
predominant. 

For  these  reasons  we  urge  the  committee  to  consider  combining  the  research 
and  development  program  of  the  FAA  and  the  aeronautics  program  of  the  NASA 
into  a  new  and  separate  Aviation  Research  and  Development  Agency  with  an 
enlarged  mandate  to  support  basic  and  applied  research  and  prototype  develop¬ 
ment  for  all  aviation  purposes. 

It  is  our  hope  that  such  an  organization  could  thmi  fill  some  of  the  existing 
gaps,  referred  to  In  our  statemmit  last  year,  which  preclude  the  economic  produc¬ 
tion  of  more  useful  and  efficient  aeronautical  vehicles,  which  delay  the  develop¬ 
ment  of  an  adequate  air  traffic  system  that  satisfies  all  user  requhremmits  rather 
than  only  a  small  percentage  of  them,  and  which  result  from  omlsslcm  of  the 
human  factor  considerations  that  affect  the  safety  and  utility  of  aviation 
operatlonE 

Federal  aviation  research  and  development  efforts  lack  adequate  liaison  with 
the  ultimate  users  of  the  products  of  those  efforta  A  continuing  program  to 
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aMoi*  adegtate  ww  ia  needed.  BegnUr  contact  only  witli  producers* 
repreaentatlTeB  or  FAA  oiSciala  Is  oaMb^uflclMt  The  c<»aniner  needs  and  wants 
direct  consultation  to  assure  tbat  Ida  reguirentents,  not  thoae  Usagined  for  blm 
by  others,  are  considered. 

We  anireclate  your  conslderatloh  of  these  and  prerlous  comments. 

Oordlally. 

Bobbbx  B.  MmiBOE, 
Oongnttional  LiaUon. 
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